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GENERAL INTRODUCTION

’ Classical hedrest stuuiesli immobility and water immersion,

o)

and results of orbital space flicht cive rise to a set of clinical
sicns and symptoms which characterize a “deconditicning® of the
cardiovascular system. The principal measurerents related to the
description are the change in heart rate and blood pressure during
passive tilt to a 70° fror horizontal position. Vogt has proposed
a number of different measures and derivatives of measures (a total
of 32) to characterize the respcrnse but finds heart rate to ba the

best single indicater.

An alternative provocative test is the application of

negative nressure to the lower portions of the body.2

There are a nurber of mechanisms which may give rise to
the rusponse. Amnong these are a change in blood volume or a chance

in venous poolinc durinc the tilt.

Each of these tests provide many data on a variety of
parameters in tire. These data are relevant to a quantitation of
the response to an assessment of mechanism and to an evaluation of

R T
releural Mea3ulcs .

“his repcrt is concerned with an evaluation of technicues
of measuring chances in limb volure (Part I) and an evaluation of
this measure in assessinc¢ the deconditioning occasioned by be“rest
(Part II).

lExtensive bedrest literature is reviewed in NASA CR-171, “The effect
of bedrest on varicus pzrameters cof physiological functicn,®
C. Valkonna, F. B. Voct, D. Cardus, W. A. Spencer and M. Walters,
1385. See also: Lamb, L. E., “Status cf knowledce of weightlessness,
1965, Appendix 5, pp. 531-543, Space Research, Directions for the
Future, PAS-778C Publ. #1403.
2The principal references are given in “Cumulative effects of vene-
section &% lower body negative pressure,” Raymond H. Murray, M.D.,
John Xrcg, Ph.n., Loren T. Carlscn, Ph.D., and John A. Bowers, M.D.,
herospace !Medicine, Voclume 38, March 1967 (SKE REFERENCES ATTACHED)
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¥ FPIGURE DRESCRITTIOMS - PART 1

Figure

I-1 Double stranded mercury in silastic cauce.

I-2 Zouble stranded gauce on calibraticr stand. [icrowetesr at
right roves.

I-3 Gauces ncunted on calf of leg.

I-4 rarts list and drawing of proposed cauge desicn.

i-5 Parts list and drawing of proposed cauge cdesicon.

I8 wilt procecdure with three gauces on leg as schematically
shown. Top and hottom gauge one centimeter shorter than
~middle gauce which is on maxirum lec circunference.

-7 Standard venous occlusion test. Lowmr three tracings are
uercury in silastic cauce, upper iz capzacitance.

I-8 As in Ficure I-6 except arterial occlusion was appliecd nricr
to the tilt ancd continued throuch the tilt.

I3 As in Ficure I~ except vanous occlusion was applied nrior
to tilt and continued through the tilt.

I-13 Leg movement artifact.

I-11 Zs in Figure I-¢ with knee fixed.

I-12 28 in Yioure I-C with knee fixed.

I-13 Gauces on lec as illustrated in Ficure I-¢. llecgative
oressure (~60 m Hg) applied to one lecq.

I-1x4 As in Figure I-13 with arterial occlusiorn durinc negative
pressure.

I35 78 in Figure I-12 with venous occlusicn pressure.

T-1¢ woukle knitted net used in caracitance study.

T-17 Capacitance gauge on arm.

T-1%¢ Comparison of capacitance and mercury in rubker cauge during
alelCQthn of negative pressure tc lec. » venous occlusion
test is alsc shown.

I-12 ©ilt procedure with three mercury in ruhher cauces (lower
three) and capacitance gauge.

I--29 %s in I-19 except arterial occlusion prececec tilt precedurea.

I-21 Patic of the output of the 4-impedance gauce to the silastic

cauge.,
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Introduction

Mon-invasive techniques for the mcasurement of blood flow by
venous occlusion plethysmocrarhy involve direct or indircct measures
of volume change cof the extremity measured. In this study, three
techniques were investigated: 1) limb circumference changes by a
resistance transducer; 2) limb volume change hv cavacitance measuremrent:
and 3) limb volume change by impnedance reasurement.

The resistance transducer for volume chance, a circumference
measurement, was introduced by P. J. Whitney (1953). The applications
of the gauvge have been described in detail by Facan (1961) and the
validation of the method documented by Burcer, et al (1959 a,b) ané by
Clarke and FHellon (1957). The gauge, as described by Whitnev, has a
low resistance (0.1 to 8 ohms). A high impedance avprlication has been
devised by Waggoner (1965) introducing electrede paste in subhstitution
for the mercurv.

The vhysics of the strain cauce and the calculations for the
gauge have been comviled by Fagan (1961). The fundamental considera-

tiens from that article are renmroduced kelow.

Abbreviations

"The symbols which will be used are listed below. Values
aprlicable to a specific finger cauge, and to a tynical finger, are
given in sauare brackets, for some parameters.

= length of active portion of gauge (cm). (45 mm when T = 10 ¢]
= racius of the bore of the tubinc (cm). [ID = 0.35 mm]

- Crcss-sectional area of mercury cclumn (cmz)

= volume of mercury in the gauge (units not recuired).

g < K
0

= resistance of the mercury column (ohm). [ca. 0.45 ohms]
temnerature of the mercurv (°C).

S I e
]

= tension in the gauae tubing (g). [10 q]

-
il

pressure exerted radially bv gauge uwon the finger (mm Hg).
Ts = longitudinal tension in finger skin required to support P (g).
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C = circumference of finger (cm). [50 rm]
A = cross-sectional area of finger under the cauge (units not
required).

V = volume of finger (units not recguired).
4= symbol used in logic, meaning "is eocuivalent to.”

Standard values that are used have been taken from the
Hanébook of Chemistry anéd Physics (37th ed.).

Terminology

"The volume (V) of the finger is the derendent variable in
plethysmocranhy. It is vercentage change in volume (%$AV), either
per unit time or following the application of some orocedure, which is
most useful to physiologists. To convert this te the terminology
commenly used in plethysmograrhy:

n% N V tin cc/l00 cc of tissue,

(n = any number).

Resistance of CGauge

“Resistivity (/) of mercury = 95.78 microhm-cm, at 20° C.

Resistance (R) of a mercury column = (9,578 x 10"5 ohm-cm) (cm)
cm2
S
a
If ID = 0.35 mmw, r = 0.175 mm = 1.75 x 10~ 2 cm, and
a = "r2 = 3,17(1.75 x 10—2)2
= 9.6 x 107% cm?.

9,578 x 1072 . ,

R = == = 0.10 ohms/cm*. (meaning "ohms per cm cf length”)

9.6 x 107~

Eence, for the gauge described (L = 45 mm), R = 0.45 ohms. (The
measured resistance will be slightly creater since ID was measured
with the tuhing unstretched; under 1¢ g T, the area (a) is slightly
less than the figure calculated above.)

*Lawton and Collins (1959) have used rubber tubing of 0.5 mm ID,
which works out to R = 0.05 ohm/cm, VYet, they revort "a resistance of

about 0.23 ohn/cm” - a surprising discrepancy!
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Change in Resistance with Length

“"The volume of mercury in a2 column =L = a = Vv
B = p‘L,

a

= PL? . . .
v {tor and bottom multivlied by L).

. . ar 2 F1 : c
Differentiating, = = (since ," and v are constants),
avrn v

2R (Since KL = w).
A .

From this, it follows that:

13 4 Le4 2% 4 R,

However, this is onlvy ~nproximatelv correct. The exact aeneral rela- .
tionship is given bhy:

Temperature Coefficient of Resistance

“The temnerature coefficient of resistivity (o) of mercury =
-4
0.00089, at 20° C: or at 20° C, & R/° C = 8.9 x 10 ~ x R,
o -4 n
The $ A R/° C = 8.2 x10 X Ry 100
24

= 8.9 x 10 %s.

Mow 1% A L ++2% A R. The temperature change (/At) required to
cause 2% /. R = 2

8.9 x 1077

= 22.5° C

Fence, 1% A L +—22.5° C 4 t.

Chanage in Tension with Length

*A gauge was susnended with 10-g tension (T) on it. The
length (L) »f the active portion was 45 mm. 2n additional 5-g tension
was apnlied which stretched the gauge by 1.6 mm, as determined by the
method of nrecise calibration (Fagan, 1961) which was being done
concurrentlyv.
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Hénce, 5 g A me+— 2:8 4 100 = 3.3% A L.
45
Then 1% A L~ >~ = 1.5 g & T.
3.3
{(The relaticnship between L and T will varv accerdinag to the OD of the

narticular samnle of tubing. ID is cuite recular.)

Change in Velume of a Cylinder Related to Change in Circumference

“The first section whiclk follows is excermteé from Clarke ané
Pellon (1°957). 'Consider a cvlinder of radius r. Let the cylinder

exvand slightly in & radial dirsction cnly, so that the radius increases

from r to r + dr.
The chanage in area = Ti(r + dr)2 —_— ﬁrz

2V r dr, if dr2 is small,

2% r dr

2 dr
r

* 100

Percentage change in area

. 100

The change in circumference = 27 (r + &r) — 27T'r
= 2 i71dr
27 43r
2%
= 9£ . 100
r
"Thus, the nercentaage chance, or rate of chance, of limb (or

figital) circurmference will he half the mercentace change, or rate of

Percentage change in circumference = - 100

chanse, of cross-sectional area (or volume).’
"Using the syrbols we have applied for the finger:
18 ACEF2%A A
528 A V.

"This simpvle relationship is only approximately correct, hut
it will be shcwn that the error involved in using it is too slicht to
be of practical importance in plethysmography.
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. "The exact relationshin between C and V is usually given bv

the formula:

2
sav =2 ACH (807 4

o2
"The use of this formula will give the appearance of slightly

greater accuracv, though the extra work cf calculation is usually
unwarranted hy reason of other pecssible errors in the plethysmographic
method. If one is measuring blood flow in the finger, and following
venous occlusion obtains 1% A C/sec, then blood flow calculated rv the
formula kecomes 2.01% [ V/sec + 120.6% /[, V/min. However, there is a
pitfall for the unwary plethysmographer whc hopes for greater accuracy
by using the formula, but who makes the assumntion that it is C which
changes linearly with time. This error can be fallen into by assuming
that 1% # C/sec = 60% A C/min. Then, using the formula, blood flow
wotld work out to 156% A V/min -— a considerable error!

"It must be rermembered that A V is closer to the changing
nhysiological parameter than is A ¢, For instance, the actual nroares-
sion of events relevant to venous occlusion nlethysmography woulcd be

as follows: venous occlusion -2 A V 2 A C— A L— A R -2
stylus deflection, from which is calculated the rate of blood flow.

The general progression of measurerment is in the reverse, with error

being possible at each transition.

“A simnle formula which cxactly delineates the relationship

between % A C and % /A V is:
n%!‘C=2n%./.\V+-—-n-2-%f\V
100

In finger nlethysmeographyv, n will usually equal approximately 1% and
will seldorm be greater than 2%. Using this figure, 2% &8 C = 4.04% A V,
with coonizaice of the possibkle errors in all of the other stens in
the proaression of measurement mentioned ahove, it is evident that the
0.04% sortion could be safely disregarded. Fence, in finger plethys-~
mogravhy, it can he assumed that 1% L C += 2% A V.

“All of the previcus calculations have becen based on the
cvlinder and this share is presupposed for the finger. "hitney (1953)
has shown that there is necligible error in this assumption unless
there is a very great deviation from the circular shape.
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“It has been stated previouslv that:

n%AL:Zn%/;.R+I%6 s /s w»,
2

and, nd £.C =2 nt .V + 2= & AV,
100

Now the relationshin between A L and A C is one of exact linearitv*
(since C and L are constants in any one exneriment),

ntA L.,

viz., ng N cC

e pp—

n%$ N R,

rlo tfa

Hence, n% /1 Vv

"Thus, in practice, all of the previous minor reservations
that have keen made concerninag the use of the short mathematical form
in describing the relationship between $ O C, on the one hand, and
$ NV and 8 A R, on the other, may be ignored entirely. The dependent
variable is ¥ A V, and ¥ A R is what is measured. Their relationship
is one of exact linearity in the case where L and C are equal. It has
been shown that even on the assumption of a linear relationship betweem
/A C and ¢\ R, the error in using the equation, n8 A C = 2 n% A V, was
sligcht. It is now apparent that this relationship is exactlv true
when L = C, and so close to being correct when L makes un the cgreater
part cf C, that no error is involved in using it. (For examnle, if
$ A C=2.0, L =45 mr, and C = 50 rm, then % A\ V = 3,996, rather than

the 4.0 which would derive from the simple equation.)

“Thus, through a fortuity of nature, in the calibration of
the mercury finger gauge, and in its use for nlethysmogravhy of the

finger, it may ke considered that:

ng A C=2nA v

*This 1s true with the assumption that: (a) the length of the
gauge charsyes with change in circumference without causing variation in
the degree of deformation of the skin under the gauge; (b) changes in
the thickness of the wall of the tubing between the mercury column and
the skin are necligible.
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nadial Pressure Fxerted by the Gauge

"Gauge tension (T) = 10 g = 9200 dvnes. Sfince 2D of the
gauge tubing is abcut 1.25 mrm, the nressure exerted by the gauge will
be on a circular strin of the finger arrroximately 1 mm wide. Hence,
T = 9800 dvres/mm = 28,000 d{ynes/on,

C of finger = 50 mr, sc that the radius (r) = 0.80 cm. From the

7 , . 2 . .
formula, P = —%— (where P is in dynes/cm®, T in dynes/cm, and r in cm)

the radial pressure, P = 2%;%%2 = 122,500 dynes/ch. Since 1 mm
Hg = 1330 dynes/cmz, then P = lZ%é%%Q = 92 mm Hg. fince 1% A C ¢+

1.7 ¢ 4 T, then Tl

16 mm Hg A P.
Support of the Gauge Pressure

= 11.7 g and P, = 108 mm Hqg. Fence, 1% 4 C &-¥

1

“The gauge may be supported bv tension in the skin (TS)
acting longitudinally. Prom inspection, it was estimated that the
radius of the "circle” cof deformation of the skin = 1 mm, anoroxinmatelv.
Since P = 92 mm Hoc = 122,500 dynes/cmz, then

T=Pr

122,500 x 0.1 = 12,250 dynes/cm

_ 12,250 _
= —§§5_‘ = 12.5 g/cm,

T tal lvngitudinal tension in the skin (Tg) of the firger of 5.0 cm
C=5=x12.5 = 62.5 g. If 1% increase in C occurs, T, = 11.7 g and

=

1
These are maximum figurcs for hoth Ty and A TS; the gauge P may be
supperted in part by tissues directlv under the gauge.

73 7, in order to support P,. Fence 1% 4 C -4 10.5 3/ T_.

"Ln experiment was done to asscoses the relative importance of
T_. 2 licht, latex rubber finger cot was sczaled to the tip of the

o

finger, circumferentially, 2 or 3 mm distal to the mercury gauge
attached as cescribed in AAL-TN-60-15 (Eagan, 1961). The finger was
held with ti..¢ tin downwards. "hen 50 g was hung from the free end of
the c¢et, an =znvmarent increase in circumfererce of the finger equal to
0.25% / C was measured (average value). A 100-c weight gave an
average of 0.5% ;1 C. FHence, 1% . C +3200 o of externally applied
tension.



P

“Tension avplied externally to the surface of the skin at a

0}

i
fow millimeter's distance from the gauge is not numerically comparable
to that which exists in the skin (Pothman, 19254) and which could

increazse due

to deformation caused by the racdial nressure (P) exerted

Ly the cauge. The fact that increasing the tension in the skin causes
an apparent increase in C of the finger suaggests that the gauge is
sunvorted at least in part by Ts‘ The remaining nart would be supported
by diffusion of the pressure gradient radially and laterally into the
underlying tissue. The failure of any slow decrease in apparent C to
occur in the fincer, after the gauce under 10-g tension is attached,

sugcasts that Ts iz the important factor.

Calibration Fquivalents

"ftatic calibration of the finger gauge has been discussed
in APAL-TM-60-15 (Fagan, 1%261). 2 tynical value cobtained is 20.0-mm
deflection on the record, with an ATTENUATOR setting of X 100 ( on the
carrier nreamnlifier of the Sanborn 150 system), for 2,00-mm extension
of the gauge. It follows that:

18 A C ¢% 5.0-mm deflection, on X 100
++ 50-mm X 10
At the limit of resclution, a A C of 1 micron = 0.002% A C &*% 1 mm of
stylus deflection, on X 1.

“A dynamic calibration of the gauge has been done by Lawton
and Collins (1259) using a variable-frecuency, variable-amplitude
vibrator. Since this work cannot readily be summarized, the recader is
referred to the original. The frequency response characteristics of
the cgauge are such that they impose no limitations on its use in

ordinarv plethysmogravhv.”




Resistance Transducers for Volume Change

“ercurv and rubber cauge or “hitney cauge, as uscd in these
experiments, is shown in Figure I-1. It consists of a doubkle loop of
0.045" OD ané 0.915" ID silastic tubino fixed to silver wires after
being filled with mercury. €ilver wire ends are fastened with the lead
wires in a plastic block anproximately 1 cm avart. The lecop is carried
around the leg and fastened on the semicircvlar nlastic block and
adjusted on the phosrhobronze strip of metal until the tension is
equal to the 22 g tensicn used in calibraticn. Calibration stand is
shown in Figure I-2 and gauge as mounted on the leg is shown in Figure

I-3.

The gauges are stable. Tests over a sixtyv-rinute period gave
changes randomly distributed about zerc and within the range -0.122% 4V
to +0.04% &4 V.,

Improvements for the gauge design are shown in the fabrica-
tion drawing with a materials list in Figure I-2, I-5.

The Question of Artifact and Frrcr in the Use of the Whitney Cauge

The corpmarison of conventional metheds and the strain gauge
technicue has been made bv Clarke and Hellon in 1957. This discussion
of artifact and error will not negate the close cerrespondence of
strain gauge rethod and conventional volume vpleathvsmooranhy but will
indicate the ritfalls of the method when it is sxtended beyond the
standard use in which it can ke compared with a water- or air-filled
nlethysirograph. That is tc sav, the Whitney cauge can ba installed
and worn during exercise and during tilt prccedures and in these
conditions it cannot be comnared with water-filled annaratus.

T~mperature indvced errors in uncommensated gauges, such as
have hzen vsed, will not be great under the conditions of the tilt
table experirent. If room temperature is maintained so the subject is
warm sc as to have a reasonable skin blocd flow without sweating, the
errors in temperature will be minimal. Measurerents of the temperature
of the leg do indicate slight shifts in temverature and an ideal gauge
would include the temperature compensation circuit which was devised
by "hitney and has been demonstrated tc be functional over a temperature
range from 0° to 37° C by Fonda (1962).
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Motion and Position Artifact

In these exreriments, the gauges were carefully pcsitioned

the maxirum circumference of the calf of the lecr. The doukle

o
oy
0
F
bl
i‘

0
ot
u

nded cauce was carefully positicned to cover this circumference.
e have testec possible artifacts both in tilt and durinc negative
4

the cauge at

|._o
cr

nressure by pcsiticning gauges proximal and dista
maxirmurm circumference in such a position sc that the gauges are one

centineter shorter than the maximal circumference gauge. A series

i}

cf tilt experiments are shown in the accompanyinc figures to shcw the
cerrespondernce of these cgauces and the tilt procedure. A standard
tilt (Figure I-€) and a measure of blcod flow with venous occlusicon
(Figure I-7) show the correspondence. To test for artifact, an ar-
terial occlusion cuff was placed on the thigh ard inflated to 200 mnm
cf mercury. The tilt was then repeated. An inspection of these
records show *hat there is some leakage into the limb with the cuff
or., seen kv & risc in the baseline. The nost marked cdifferences arc

r
twzen the uprer or proximal cauge and its counterparts more distal

D‘

during til® (Figure I-3). With venous ccclusicn, the gauges also

lack correscendence (Figure I-9). There are twc pessible interpreta-
ticns of this volume change. One is a slight shift in the muscle

~ass uncer the gauces - the second is the possibility of redistribu-
zion of blood in the columns of the veins, Slicht changes in the tilt
table, as well as mancuvers which cause slight chances in position of
the leo, such as pushing on the knee or pulling at the ankle, give
sirilar but much smaller chanages in the gauge electrical output

(Ficure I-10). Zxperimental maneuvers which cause the knee to be

fixed in position during the tilt do not eliminate the artifact shown

in the initial ficgures (Figures I-11 and I-12).

2n experirent was devised to determine if this artifact
ste with the application of negative pressure to the leg. There
is a clear difference in the three gauges -~ again showing a change
¢uring arterial occlusion which might be interpreted as a shift in
“lood from the upper part of the leg to the lower (Figures I-13,
T-14, I-15). =Tedistribution of blood rather than ruscle shift seems

a better explanation for the discrepancies based on these experiments.

These tests brinc intc serious qguestion the use of the
gauge as an index of leg volume change in the tilt table tests. They
0 not invalidate the data such as were obtaired in the bedrest study,
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but they sericusly constrain the interpretations which may be rmade.
It appears that error is minimal, or at least compensatory, when the

cauge

Yo

laced at maximal leg circumference.

0]
Rl

@

apacitance Transcucer for Volume Change

Capacitance rethods for plethysmocrarhic measurements have
been presented by Hyman, et al (1963) [in adaptation of an earlier
method proposed by Ficar (1959)] and Fewincs and ¥helan (1966). The
physics of the capacitance syster and its application to plethysmography
has been described by Fewincs and "helan (unpublished) and is presented

here.

“The capacitance methed for recordince volume chancges in a
lirb consists in passing a constant current at a fixed frequency across
2 capacitor formed by the surface of the limb and the plsthysmograph
plate which surrounds it. These two ‘plates‘ are separated by a
uniform distance. Changes in volume induced by venous occlusion alter
the distance between the two plates and thus produce changes in elec-
trical capacity which can be detected as voltage changes. Capacity (c),
volume (v) and voltage (e) can he related by the following equation:

Ki A
d
where A = mean surface area, d - mean distance between arm surface and

C =

nlethysmocranh plate:

= T
v 2(2 Ad

where V = volume of the space between the arm surface and the
plethysmecraph plate:

T o= __I__
- jwe

where I = current, j is constant and w = frequency. If I and w are

constant,; then

T o= K3
. c
By substitution it is found that V = % and V = E for a fixed

frequency, constant current svstem. In such a s§stem, however, two
tyres of errors rust be consicered

(1) Those due to imperfect correlation between velume and capacity for
a constant spacing betwsen the plethysmograrh and arm. In practice
this type of error can be kept below 1% if the ratio of the plethysmo-

graph ‘plate’ circumference to arm circumference is less than 1.4.
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(2) Those due to a non-uniform spacing hetween the plethvsmogranrh and
arm which must occur because a small rance cof plethvsmogranrhs is used
for all arms anc the expansion of the forearmr dvring periods of venous

occlusien is not necesgarilv uniform, This tyme 0f error can be kent
below 5% by using a spacing of 1.25 + 0.25 cm between the nlethysmo-
graph and the forearm. This svacing also permits a linear relationship

bPetween cavacity and volunme.

"As the plethysmogranh actually measures the volume of the
space between the vlethysmograoh and the surface of the forearm, i.e.
the volume between the nlates, it is necessary to relate the capacitv
and volume of this annular space. The capacity between the plethysmo-

grarh and arm surface is given by the equation

¢, = /5, -5,
T~ 1 "2 . L cmunits
\ [: fd .o-o.o.--ou-o.l
where C, = total capacity between plethysmocraoh and arm

o|
n

1 mean arm circumference

mean plethysmograph circumference

mean distance between plethvsmcaranh and arm

et o '
i

= effective length of plethvsmogranh.

The total velume between the plethysmograph and arm (V) is given hy

T 1 2 -.d * L ml
2 '.0-.......50.2

Substitutino in ecuaticen (2) for d ohtained from equation (1)

_ — 2
VT = (Pl + P2) . /Pl . P2 . L ml
2 a4 - CT

In practice C, is measured from a variable capacitor calibrated in

picofarads (pF) and 1 nF = 0.9 cm.




.,
peh
<

: v, = [P . 172 (p

I A

T - V/ i
T
/v 3.6 CT

In vractice with the specified sracing and ratio bhetween 51 and ?2

avli

2
1 + P2) + L™ ml

cceecsesesesasel

equation (3) becores

Ve = A2 ml

T
3.6 1T Crp

@ o ® ¢ s e e 06 0 0 88 3T

where A = 1/2 (area forearm + area plethyvsmocraph oplate) sag.cm.

The volume of the arm (Va) can therefore be calculated from
equation (5)
= - 4 5 % o e
va Vp ‘/t ml 4 0 @ D & 9 0 & » & O 5
where v, = volume of plethysmocraph.

“The theory of operation is based on the fringing field
between vlethysmograph and arm being entirely tuned out with no arm in
place and veclume ané capacity being measured in the space between the
plethysmograph and arm with normal planes liriting both the volume and
the electrostatic field within the cavacitor. In practice this is not
possible but by shaping the end screen the sare effect is achieved at
the exvense of the loss of 0.5 cm of plethvsmograrh length at cach end.

“The relationship between volume change (A V) and capacity
change (AC) is linear at a spacinc of 1.25 + 0.25 cm and is agiven by

the eguation (6)

2
] = A R
! A A C
)
¢ v CT Ces e a e 6
where A = area of arm surface.

Cl

‘This equation holds true for wide variations in 6 V provided the

spacing between the plethysmograprh and arm is within the prescribed
limits. Ecuation (6) anplies to the situatieon in which the wvelure
change is distributed eaually over the entire forearm. In the unlikely
event that all the volume change is located in 20% of the forearm, the

error invelved is < 1.0%.
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"Calibration. The most practical way to calibrate the

capacitance plethysmograph electrically is toc introduce an inductance

in series with a capacity equivalent to the capacity between the
plethysmograph and arm to give a voltage change of the same order as
the changes produced by resting blood flow measurements.

"If a substantially constant current of 1 amp be sent throuch
a capacity CT at a constant fregquency w. then using volt, amp and farad
units with w in radians/sec, the voltage droov across the condenser is

given bv
F = -1 volts
w CT
_ _ 1
E= AE = volts
w(CT + AC)
E IACZ Volts
V‘JCT ..'..ol."l‘l'.7
Substituting in equation for AC obtained from equation 7 and putting
1l farad = 9 x 1011 or
2
V =W A a . AF ml
T 7
36 W 101t 1 e eeennee....B8
But 0F =W L cerecrecteenaaad
1 c

where Lc = inductance in Henries

therefore, substituting in equarion (8) for /\F obtained from
1

equation (9)

NV = W2 . Az L
a "t ¢ ml

36 T 10!

n--oo.o.socu.olo

The surface area of the arm is the only variable in eauation (10) as a
value can be chosen for LC (a circuit constant) so that the wvolume
increment is of any desired value. (In this particular case with a
circuit freauency of 6.59 Mc/sec an inductance of 0.27 gives a volume
increrent of the order of 4.0 ml). The actual calibraticn of the



e
($2]

plethysmograpvh is effected by intrcducing the calibration inductance
in series with a capacity eaual to that between the nlethysmoaraph and
arm. 7This causes a deflection of the pen recorder equivalent to the
kncwn velume increment. From this step, the disvlacement caused by a

L

volume increment of 1.0 ml is readily calculated.

Figure I-16, I-17 shows the wire net which was used as capa-
citance device. It is a dcuble-wire netting which was knit from 26
gauge, 7 strand, 34 gauge wire nlastic covered on a No. 10-1/2 knitting
needle. The cuter dark netting served as a shielding around and was
ccnnected to the arm with a small silver nlate. The inner lighter-
cclored netting served as the carmacitor plate which was referenced to
the arm. The =lectrodes were sunnlied from a Riocom Mcodel 560 Capaci-
tance Plethyvsmcarach. This is an 20 ke generater canable of handling
200 te 1000 F with an output voltaces of 5 “My/oF.

Calibration was accomplished with a flat balloon into which
saline is injected.

Figure I-18 is the record from an experiment comparing the
capacitance gauge and strain gauge during application of necative
pressure to the arm (uvper) and durinc venous occlusion (lower). 2
record curing the tilt orocedure is shown in Figure I-19, I-20. These
records are qualitatively similar. The small guantitative differences
are rclated to the amplitude of the expression of artifacts such as
limb moverent.

Impedance

If the length of a cylinder is constant and the volume is
changed by a change in cross-section, the change in resistance is
proportional to the change in volume.

I S W

rC" . 3 0 . 4 v
where 1s specific resistivity,.

The fracticnal change isg

~.

2\ v
\%

f

AR
R
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and av = - AR y 1g

the change in velume (if entirely in the blood ccmnartment) is in series

The physical bhasis for imnedance chances rclated to veclure

change are thoroughlv discussed by llyboer (1952).

In these tests, two technicues were used - a twe-electrode
technique similar to the i'vboer technique with twec 1 cm electrodes
supplied from a Biccom Model 291 impedance transducer, 50 KH activation,
and a four-electrode technique described by Allison (1967) supplied
from a Bagnoc Electrical Impedance Plethysmograph Model 102 (50 XH

activation).

Zomparison of the irpedance technicue with the ¥Vhitney gauge
were made. The ratio of chance was used as an indication of conformity.
Plots of the ratio of the response of the impedance change to that cf
the resistance change show the lack of correspondence between the out-
put of the two systems (Figure I-21).

Direct Flow rieasurerants

The application of a transcutaneocus Doppler (described by
Rushmer, et al, 1966) would permit reccrding of transient changes in
volume flow. This rethod has been used by Stecall (1966).
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Conclusicn

None of the systems tested scem aqualified for in flight use.
h mu he ugsed with agreat care in carefullv controlled laboratory
experiments. Interoretaticon cof data obtained frorm tilt table or

negative pressure rust be regarded as tentative due to the possibil-
ities of artifact.




II-3
II-4
I1-5
II-6

1I-7 to
I1-35

II-36 to
II-683

FICURFE DRECRIPTIONS - PART IX

Schematic record showing time sequence of tests and
measurenents (see text).

Test set up. Tilt-table in foreground, table for leg
negative vressure test adjacent. Clocks, electronic
equipment and polygraph were in view of subject during
tilt,

Scaled drawinc of negative pressure anplication device.
View of the negative pressure application device assembled.
Opened negative pressure application device.

End view showing inserts to provide for seal at leg.
Cravhic presentation of tilt test. Systolic, diastnlic and
mean blood pressure in uprer traces. Feart rate in lower
trace. Set number descriptien in Table II-3.

CGraphic nresentation of leg volume change during first
three minutes of tilt. Values on ordinate are to be
multinlied by 2.5 to obtain per cent change in volurme. Set
number Jdescription in Table II-3,
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PART II

Introduction

The bedrest study under the direction of Dr. E. Bernauer and
supported by NASA NGR 05-004-021 included mcasurements cf metabolic
balanc2, basal metabolism, wcrk metabelism, fluid snaces, body compo-
sition, strength tests, renal function, blood and urine composition.

A total of 10 surjects (Takle II-1) were used. Ficht were confined to
bed cn the calendar schedule shown in Table II-2. Four of the bhedrest

subjects cxercised dailv (1 hour at 50% of maximum caracity)

The studies revorted here were ccncerned with an evaluation
of cardiovascular function followino hkedrest. Feart rate and blood
rnressure served as reference and cemmarative values for other tests,

Procedure

In orientation sessions during the two weeks prior to the
study, each subject provided a vertinent medical history, received a
full explanation of the procedure and underwent a complete tilt table
and negative pressure (NP) run (infra vide).

During the study, each subject was run before and after bed-
rest according to the calendar of experimentaticn (Table II-2).
Initially, a.m. and p.m. duplicate runs were conducted at l1l2-hour
intervals until sufficient data were accumulated regarding circardian
variation. On the morning of the conclusion of bedrest, the subjects
were transferred to the tilt table without rising from horizontal, and
the first post-BR was performed. Followino 2-1/2 houvrs cf standard-
ized activity, the subjects were run acain. The evening of the same
day, 12 hours post-BR, a third run was performed. The followino
morning, 24 heours post-BR, and the mornings of days 3, 5, 7 pcst-PR,
additional runs were made., In addition to the regular tilt table and
MP rung, a measurement of lower leqg hlood flow bv vencus occlusion
plethysmogranhy was made before and after bedrest as detailed in the
calendar of exverimentation.

The protccol (Figure II-1) for each run commenced with an
equilibraticn pericd on the heorizontal tilt table for a minimum of 15
ninutes. In the first 10 minutes, the necessary instrumentation was
accomplished and the subjects were briefly tilted to 70° following
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Tahle II-1

EEZDREST SUBJECTS SUMHER '67

0. Yame Yeight “eight Age
1 3. R. 5'9* 130 1bs. 19 yrs.
2 K. C. 5°10° 150 1bs. 1¢ yrs.
3 M. G. 5'6" 142 1bs. 20 yrs.
4 J. V. 578" 155 1bs. 20 yrs.
= G. J. 5'9-1/2° 155 1bs. 19 yrs.
£ D. S. 578" 137 1bs. 19 yrs.
7 G. L. 6'2°% 157 1bs. 21 yrs.
5 Je . 5'10" 180 1bs. 12 yrs.

G R. S. 5'9¢ 1l€4 1bs. 19 yrs.

1z S, W, 5'10-1/2° 171 1bs. 19 yrs.
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instrumentation to minimize bodyv movement durinag the subsequent tilt
orocedure, In the first five minutes of measurement, the EXC and leg |
circumference measurement ran continuocusly and the blood nressure was
recorded at minute 12 and 14. At minute 5, tilt to 70° was accom-

plished manually over a 1l5~second period. Tilt was maintained for 15
minutes or until clinical sions of nresvncopy were rmanifest. Flectro-
cardiogram and leg circumference were recorded continucuslv. PRlecod

pressure was measured at minutes 17, 20, 23, 26, 29. 2t minute 30, the
subject was returned to the surine peosition over a 15-second periond.

During minute 30 to 35, EKG and leqg circumference werec recorded

continuously and the blood pressure measured at minute 31 and 34. At

minute 35, the subject was then transferred from the tilt table to a

flat table for apnplication of the VP device. Measurements of FKG and

leg circumference were reccrded continuously during transfer. After
5 minutes, during which FKG and leg circumference were measured
continuously ané two blood pressure measurements were made, 30 mm Hg
negative pressure was applied to the left leg in 3 steps of 10 mm ¥Yg }
for 5 minutes each. Fach step of 10 mm Ho was accomplished in about !
5 seconds. Data were recorded for 5 minutes following release of MP.
EKG and leg volume cf both legs were recorded continuously during the
necative pressure test and blood pressure at the second and fourth
minute cof each reriod. The total run, including instrumentatioen,

averaged abcut 70 minutes per subject.

The overall experimental setup for use in tests before and
after becdrest study are shown in Fiqure II-2. The tilt table was
cbtained from the Manned Snacecraft Center and modified with the font
supports to hold the legs and feet frorm movement durinag tilt. Small
notentiometer was mounted on the table in a hatterv-supplied Wheat-~
stone bridge so that the angle of the table could be recorded. The
subject was moved frcm the tilt tahle to the large tabkle so that
neyativoe pressure could be avolied to the left leg in the can shown in
the Figure. 2 shon vacuum cleaner provided the suction for the can
which was adjusted and read from a mercury manometer. The twe small
panels contained the instrumentation to activate and record from the
cgauges as well as record blcod pressure and heart rate. Cuffs for

blood pressure wvere inflated from preset tank pressure. The Whitney
gauges were activated frorm a Parks Model 270 bridge and the output of
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| 21
:Epe bridge fed through the CEC Model 1-155 amplifiers into the optical
recorder. The EKG was fed through the CIC amplifiers to the recorder.
Blood pressure was recorded with an = & M Zlectrosphygmograph Mark IV
system. The strain cauge reccrded the rressure in the negative

pressure tank.

The necative pressure can,; or “clam-can” as it came to be
kncwn, was built specifically for these tests and was used in
preference to lower body negative pressure, since the object of the
measurement was chance in volurme of the leg and prchblems involved with
respect to shifts cf blood distribution and, when the lower bcdy is
involved, include more than muscle and skirn in the leg. The can is
shown in prospective in Figure II-3 and in three views of the device
in Figures II-4, II-5, II-6. As shown in the final figure cf the can,
inserts were made approximately te fit the leg to prevent the sealing

rubber apron from being sucked intce the can.

Lguipment and rethodology

All data was recorded on a CiC Recording Oscillograrh #5-124
using a paper speed of 4 /minute.
Tilt
A standard tilt table with a pneumatic saddle was used
(Figure II-2). The slope of the tilt and recline was recorded usinc
a battery powered S5 X potenticmeter inserted at the axis pin and

plucged directly to a licht galvonometer on the oscillocraph. An
event marker was wired into this system.

N. P.

A commercial vacuum cleaner supplied NP to a galvanized
‘clam~can’ (Figure II-2) sealed around the upper left thigh of the
subject. Can pressure was monitored by a mercury mancmeter inserted
in a T-line with a Statham differential pressure transducer whose
signal was amplified by a CZC Carrier AMP 1-118 and recorded on the
oscillograph.

Heart Rate

Heart rates were calculated by 1l5-second intervals taken
from continuous EKG recording, detected by chest leads and using CEC
DC AMP Type 1-155.
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Rlood Pressure

Blood pressura was measured at 2-3 minute intervals using a
rapid inflation, microphone equinped 15 cm ccclusicn cuff on the left
arm. The £ & M Electrosphyamograph MX IV signal was amplified by an
Z & M Physicararh MK VII and pressure tracincs recorded on the
cscillograph. The peak pressurc was held at 200 mm Ho cn the ITlectre-
sphygmograph cauge for 1 second and then allowed to decrease throuch
an orifice over a 30-second pericd. The first distinct scunéd was taken
as systolic pressure ané the last distinct scund taken as diastclic

pressure dnring the average 30-second bleedoff.
Leg Vclume

A Jouble-stranded, 24 mercury-filled silastic (.015" ID)
“Whitney strain gaucge was aprplied to the measured maximum circum-
ference of each calf following stand calibration. Gauge tension was
26 gms during pre and pest run calibrations and this was closely
arproxirated on application of the gauge to the lec. Parks Mocdel 270
Plethysmocgraph D.C. outlet signal was amovlified by CEC 1-155 nC AMP
and recorded on the oscillograph. The change in volume was calculated

frorm the circumference change with the approximations noted in Part I.

Resultsl - Tilt Table

The data have been assembled in sets which represent the

individual and aroup treatments in time in Table II-3.
Heart Rate and Blood Pressure Responses

“hile these data serve primarily as a reference for corpari-
son with other studies, a number of mean values and derivatives are

presented in Table II-4.

The time course of chances in systeolic and diastclic kleod
pressure and in heart rate are shown in Figures II-7 to TI-35

inclusive.
Leg Volume Chances

The leg volume chance was analyzed with respect to several

features of the time ccurse of change. The initial slope is termed

l? complete set of data on computer stationery is appended to the
first copy of this repncrt.
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* Table TI-4 Upper row X2.5 is $4 Vv .
Condition Lower row is standard deviation
Time in Min. 0 .075 .175 .25 1.00 2.00 2.96
Set 1 -0.000 0.151 0.563 0.862 1.661 2.255 2.562
-0.0000 00,0982 0.1564 0,1906 0.1945 0.2168 10,2591
Set 2 -0.000 0.291 0.673 0,936 1.868 2.271 2,499
~-0.0000 0.0523 0.2426 0.3202 0.2689 0.1988 0.2090
Set 3 -0.000 0.105 0.049 0.098 0.932 1.442 1.835
-0,.0000 0,1255 0.5484 40,5564 0.7742 0.9492 1.0716
Set 4 -0.000 0.05¢9 0.001 0.286 0.857 1.364 1.942
-0.0000 0.0669 0.2670 0.3411 0.4813 0.5061 0.4952
Set 5 ~-0.000 0.162 0.555 0.789 1.594 2.079 1.954
-0.0000 0.0446 0.2969 0,.3701 0.3842 0.2630 0.8183
Set 6 -0.000 0.234 0.549 0.661 1.192 1.735 1.885
-0.0000 0.0553 0.2319 0.3603 0,3578 10,4253 0.6851
Set 7 -0.000 0,249 0.693 0.993 1.784 2.295 2.540
-0.0000 0.0960 0.1771 0.2174 0.1980 0.2373 0.3157
Set 8 -0.000 0,235 0.628 0.922 1.596 2.074 2.047
-0.0000 0.0989 0.3398 0.3162 0,2720 0.2560 10,7027
Set 9 -0.000 0.310 0.650 1.041 1.731 1.888 2.098
-0.0000 -0.0000 -0.0000 ~0.0000 -0.0000 -0,0000 -0.0000
Set 10 -0.000 0.235 0.800 1.171 2.010 2.493 2.135
-0.0000 0.1599 0.5663 0.6454 0.8849 0.8272 1.5547
Set 11 -0.000 0.204 0.657 0.957 1.829 2.224 2.268
-0.0000 0.0551 0.1153 0.1205 0.2458 0.2592 0.4242
Set 12 -0.000 0.347 1.001 1.372 2.215 2.559 2.362
-0.0000 0.0489 0.1323 0.1871 0.3914 0.3696 0.8206
Set 13 -0,000 0.147 0.377 0.744 1.685 2.132 1.776
-0.0000 0.1210 0.1731 0.2313 0.5664 0.5316 1.3403
Set 14 -0.000 0.245 0.584 0.850 1.564 2.079 2.064
-0.0000 0.1285 0.1845 0.2261 0.2732 0.3086 0.7620
Set 15 -0.000 0.0225 0.1631 0.901 1.951 2.387 2.637
-0.0000 0.1006 0.2303 0.2493 0.3807 0.5127 0.5102
Set 16 -0.000 0.174 0.534 0.770 1.415 1.950 1.339
-0.0000 0.2145 10,2488 0.3506 0.3987 1.2450

0.1731
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Condition
Time in Min. O .075 .175 .25 1.00 2.00 2.96
Set 17 -0.000 0.234 0.834 1.123 1.946 2.363 2.166
-0.0000 0.0898 0.2896 0.3967 0.4016 0.3486 0.8275
Set 18 -0.000 0.253 0.738 1.043 1.820 2.176 1.698
-0.0000 0.0668 0.1597 0.1995 0.3131 0.3288 0.8268
Set 19 -0.000 0.173 0.421 0.573 0.938 1.329 1.690
-0.0000 -0.0000 ~-0.0000 -0.0000 -0.0000 -0.0000 ~0.0000
Set 20 -0.000 0.205 0.681 0.905 1.588 2.031 2,013
-0.0000 0.0534 0.,1097 0.1284 10,2546 0.2321 0.6512
Set 21 -0,000 0,272 0.733 1.014 1.810 2,097 1.523
-0.0000 0.1135 0.1840 0.3156 0.4927 0.5817 1.2243
Set 22 -0.00 0.214 0.773 1.147 1.908 2.131 0.437
-0.0000 0.0424 0.0546 0.0620 0.2691 0.2791 1.2442
Set 23 -0.000 0.325 0.759 0.942 1.381 1.624 0.686
-0.0000 0.1033 0.2292 0.2518 0.2960 0.3040 0.8253
Set 24 -0.000 0.179 0.612 0.911 1.748 2.239 2.410
-0.0000 0.0529 0.0922 0.1060 0.1520 0.1611 0.2440
Set 25 -0.000 0,318 0.829 1.144 2.033 2.408 2.434
= -0.0000 0.0349 0.1456 0.1947 0.2249 0.1956 0.3721
Set 26 -0.000 0,128 0.183 0.450 1.343 1.818 1.803
-0.0000 0.0738 0.2466 0.2939 0.4424 0.4685 0.7405
Set 27 ~-0.000 0.165 0.334 0.609 1.261 1.773 2,012
~0.0000 0.0830 0.1956 0.2174 0.2812 0.2973 0.4327
Set 28 -0,000 0.195 0.609 0.845 1.773 2.233 2.296
-0.0000 0.0511 0.1690 0.2002 0.2538 0.2657 0.4559
Set 29 -0.000 0.208 0.543 0.708 1.287 1.827 1.651
-0.0000 0.0699 0.1423 0.2081 0.2299 0.2671 0.5840
Set 30 -0.000 0.241 0.768 1.062 1.870 2.331 2.340
-0.0000 0.0581 0.1595 0.2115 0.2117 0.1932 0.4252
set 31 ~-0.000 0.244 0.683 0.982 1.708 2.125 1.872
-0.0000 0.0533 0.1688 0.1685 0,1913 0.1868 0.4891
Set 32 -0.000 0.242 0.536 0.807 1,334 1.608 1.894
-0.0000 0.4341 0.7225 1.4779 2.5004 1.7654 1.2899
Set 33 ~0.000 0.219 0.737 1.029 1.785 2.246 2.070
-0.0000 0.0701 0.2373 0.2761 0.3918 10,3697 0.7041



!
: 51 and is assumed to describe the venous filling. The second slove

(S2) is assumed to be related to capillary filtratien. The final point
in time on Slope 2 is designated T15 and is the maximum filling.

Extrapclation of S2 to TO gives a value of available initial fillinc

capacity. The values appear in Table II-4.

Pest~bedrest leg volume changes with tilt at 0 and 2.5 hcurs
deviated so dramatically from pre-bed values that these curves were
digitized over the first three minutes (Ficures II-36 to II-68
inclusive). The fillinc patterns at 10 seconds, 30 seconds and three
minutes werc significantly (p < .05) lower at 0, 2.5 and 12 hours post-
bedrest than pre-bedrest. At 3, 5 and 7 days nost-bedrest the fillins
curves were significantly lower at 3 minutes after tilt, but were
sionificantly higher at 5, 10 and 30 seconds after tilt. The four
students whc were exercised durine kedrest showed areater changes in
the filling curve than the four who did not exercise. The values at
seven time intervals are assermbled in Table II-5 with their standard

deviations.

These data are assembled in Table II-6 to cive the material
for calculation of an integrated score according to the system sug-

gested by Benjamin, et al, (unpublished).

Leg MNegative Pressure Test

Heart rate and blood pressure. Application of ncgative pres-
sure to the left leg at increments of 10 mm Hg up to 30 mm Hg caused

the heart rate to increase (Table II-4).

The change in volume with change in pressure (dv/3dP) or
compliance was altered following bedrest indicating a decrease in

compliance.

—
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- Table II-~5

Values for the calf filling curves at selected intervals to
give stancdard deviaticns {under each valuc). These values should be

multiplied by 2.54 to give percent change in volume. Set designations
as shown in Table II-3.

E
E




' Table II-5

TILT TABLE TESTS

values and standard deviation

Measure
Condition SET 1 SET 2 SET 3 SET 4 SET 5
Heart Rate
Avg Pre-Tilt 60.250 66.667 53.000 54,500 71.000
2.25 15,93 3.46 9.57 9.59
Avg During Tilt 86.770 89.619 83.708 87.117 99,221
9,88 13.77 9.35 13.31 8.20
Max During Tilt 95.500 96.000 103.000 101.000 109.000
11.80 13.15 11.49 15.45 8.25
Delta Hr Avg 26.520 22.952 30.708 32.617 28,221
9,04 8.03 10.05 11.18 5.33
Delta Hr Max 35.250 29.333 50.000 46,500 38.000
10.79 7.45 13.56 13,30 7.83
Pct Delta Hr Max 158.363 146.861 195.569 188.308 154.993
17.00 17.31 31.19 35.90 16.81
Delta Hr Return -6.000 -7.333 -5.500 -4,500 -9,500
4.00 4,32 6.19 1.91 6.19
Pct Delta Hr Return 90.089 88.626 89.104 91.435 85.658
6.54 6.51 12.97 4.50 11.51



TILT TABLE TESTS

Measure
Condition SET 6 SET 7 SET 8 SET 9 SET 10
Heart Rate
Avg Pre~Tilt 59,000 58.500 56.500 48.000 52.500
7.75 8.85 3.42 0.00 3.42
Avg During Tilt 91.151 81.936 84,231 73.800 75.013
13.09 9,66 11,05 0.00 5.56
Max During Tilt 105.000 92.000 93,000 80.000 81.000
15.45 11.78 13,61 0.00 6.83
Delta Hr Avg 32.151 23.436 27.731 25,800 22.513
10.51 4.14 9,51 0.00 4,35
Delta Hr Max 46.000 33.500 36.500 32,000 28.500
10.71 6.40 11.59 0.00 4,12
Pct Delta Hr Max 178.331 158.105 164.344 166.667 154,202
16.47 13.48 18.41 0.00 6.12
Delta Hr Return -0.000 -6.000 -3.500 -26,.000 -4,000
8.00 4.32 6.19 0.00 2.31

Pct Delta Hr Return 99.789 89.090 93.399 45,833 92,309
13.51 9.07 11.81 0.00 4.58



Measure

Heart Rate

Avg Pre-Tilt

Avg During Tilt

Max During Tilt

Delta Hr Avg

Delta Hr Max

Pct Delta Hr Max

Delta Hr Return

Pct Delta Hr Return

TILT

TABLE TESTS

Ui
=l
=
|
-

62.500
8.05

87.213
6.25

98.500
6.39

24.713
9.05

36.000
9.26

159.621
21.13

-3.750
4.95

94.287
7.85

SET 12

69.167
7.11

90.140
5.17

97.333
5.47

20,973
5.09

28.167
5.00

141.481
10.79

-4,833
5.60

92.813
8.72

SET 13

64.000
6.93

100.372
13.17

117.000
16.45

36.372
8.71

53.000
12.81

182.929
17.93

-3.000
4.16

95.709
6.55

SET 14

63.000
7.75

103.000
19.42

118.000
21.79

40.000
12,35

55.000
15.53

186.499
18.65

-1.000
2.00

98.485
3.03

SET 15

84.000
8.33

110.305
8.06

122.000
7.66

26.305
2.31

38.000
7.30

145.939
12,31

-4.500
3.00

94.786
3.16



Measure
Condition

Heart Rate

Avg Pre-Tilt

Avg During Tilt

Max During Tilt

Delta Hr Avg

Delta Hr Max

Pct Delta Hr Max

Delta Hr Return

TILT

TABLE TESTS

SET 16

70.000
11.14

98.816
20.23

109.333
22.03

28.816
9.11

39.333
11.37

155.575
8.21

~4.667
3.06

Pct Delta Hr Return 93.164

4.31

SET 17

74.500
13.00

98.624
18.22

108.000
19.32

24.124
5.44

33.500
7.19

144,919
5.43

-7.000
9.45

92.129
13.26

SET 18

68.000
8.49

89.714
4.13

99.000
5.03

21.714
6.95

31.000
9.31

147,204
19.27

-2.000
8.64

97.804
12.59

SET 19

76.000
0.00

105.333
0.00

120.000
0.00

29,333
0.00

44,000
0.00

157.895
0.00

2.000
0.00

102.632
0.00

SET 20

65.500
9.00

86.800
11.13

94.000
9.52

21.300
11.16

28.500
10.25

144,797
18.64

5.51

94.966
7.73



Measure

Heart Rate

Avg Pre-Tilt

Avg During Tilt

Max During Tilt

Delta Hr Avg

Delta Hr Max

Delta Hr Return

Pct Delta Hr Max

Pct Delta Hr Return

TILT TABLE TESTS

SET 21  SET 22
65.500  69.000
11.70 16.85
80.989  80.948
22.40 24.00
88.000  87.000
25.51 27.01
15.489  11.948
12.71 7.61
22.500  18.000
16.11 10.71
132.894  124.643
21.28 10.55
-5.500  -4.500
3.42 3.42
91.874  93.808
4.65 4.38

(2}
1
w3
N
w

66.000
2.31

83.910
7.84

91.000
11.02

17.910
8.89

25.000
11.94

138.143
18.89

-4.500
2.52

93.244
3.62

193]
e
~3
N
finY

61.375
5.83

86.992
7.99

97.000
9.30

25.617
8.79

35.625
9.72

158.992
18.54

-4.875
4.50

92,188
7.31

w
o
H
N
wn

67.917
11.84

89.879
9.92

96.667
9.62

21.963
6.49

28.750
6.08

144.171
14.04

-6.083
4,94

90.719
7.66



Measure

Condition

T m e - as

Heart Rate

Avg Pre-Tilt

Avg During Tilt

Max During Tilt

Delta Hr Avg

Delta Hr Max

Pct Delta Hr Max

Delta Hr Return

TILT TABLE TESTS

n
13
-3
N
=23

58.500
7.76

92.040
13.82

110.000
15.12

33.540
9.22

51.500
12.32

189.249
24.50

-4.250
5.06

Pct Delta Hr Return 92.407

10.14

9]
=
-3
N
~3

58.750
9.25

95.059
17.59

109.500
19.70

36.309
11.60

50,750
14,14

187.403
26.50

2,60

94.960
5.18

n
19
=3
N
X

77.500
10.84

104.763
9.58

115.500
10.13

27.263
3.94

38.000
7.01

150.466
14.47

-7.000
5.24

90.222
9.21

94,436
15.46

106.857
16.93

30.721
9.28

43.143
10.64

168.578
17.50

-2.000
6.43

96.950
10.49

SET 30

66.500
13.38

90.280
16.18

100.000
17.10

23.780
4.49

33.500
6.30

151.512
11.84

-6.500
6.82

90.609
10.64



e e e e ™

TILT

TABLE TESTS

Measure
Condition SET 31
Heart Rate
Avg Pre-Tilt 62,250
8.58
Avg During Tilt 86.973
8.26
Max During Tilt 96.000
10.03
Delta Hr Avg 24.723
8.36
Delta Hr Max 33.750
10.17
Pct Delta Hr Max 155.774
19.71
Delta Hr Return -2.750
7.01

Pct Delta Hr Return 95.602
11.55

0
=z
=}
W
N

62.000
19.80

89.567
22.30

100.000
28.28

27.567
2.50

38.000
8.49

162.281
6.20

-12.000
19.80

74.232
40.16

SET 33

59.000
9.38

80.907
10.30

87.500
10.35

21.907
7.87

28.500
7.23

149.500
13.79

-3.750
3.92

93.638
6.05




fe

Measure

Condition

Blood Pressure

Avg Sys Pre-Tilt

Avg Dia Pre-Tilt

Pulse Pre-~Tilt

Mean Pres Pre-Tilt

Avg Tilt Sys

Min

Avg

Max

Avg

Min

Avg

Min

- Avg

Avg

Tilt

Tilt

Tilt

Tilt

Tilt

Tilt

Tilt

Sys

Dia

Dia

Pulse

Pulse

Mean

Mean

Sys Post-Tilt

Dia Post-Tilt

Delta Dia Avg

Delta Dia Max

TILT TABLE TESTS

¥

2]
1
=3
[

110.563
9.65

55.063
11.69

55.500
10.14

73.562
9.96

116.825
7.56

111.125
9.66

71.525
7.44

77.125
6.49

45.300
8.28

37.375
10.60

86.625
6.38

82.792
7.24

113.875
11.13

52.375
11.42

16.462
8.55

22.063
10.26

[4p}
o]
-3
N

109.333
10.64

46.083
2.29

63.250
9.36

67.167
4,66

117.467
10.51

111.667
8.33

71,267
4.00

76.333
3.56

46.200
13.63

36.167
11.09

86.667
2.50

84.056
2.82

111.250
6.86

46,250
3.71

25,183
5.33

30.250
4.98

LR

[42]

119.125
i2.93

65.875
7.70

53.250
5.56

83.625
9.40

122.050
12.13

116.000
10.68

82.567
6.00

88.250
6.13

39.483
6.20

29.000
6(68

95.728
8.03

91.750
7.39

122.750
15.18

63.750
8.63

16.692
1.76

22,375
3.71

n

117.500
3.94

68.750
7.60

48.750
11.29

85.000
3.92

116.525
6.34

105.000
11.75

81.100
10.10

88.250
12,31

36.287
14,70

25.750
15.31

93.196
5.74

82.583
17.20

118.250
4.50

61.000
6.48

12,350
6.79

19.500
5.34

0
tq
+3
u

121.250
5.42

61.250
14.19

60.000
15.56

81.250
9.50

122.350
5.57

116.000
3.65

78.500
8.59

85.000
5.89

43.850
11.66

33.000
7.87

93.117
5.41

87.583
7.43

122,000
7.04

60.375
17.57

17.250
8.64

23.750
9.35



Measure
Condition

Blood Pressure

Delta Pulse Avg

Delta Pulse Max

Pct Delta Pulse

Delta Mean Avg

Delta Mean Pres

Pct Return Pulse

Pct Return Mean

TILT TABLE TESTS

w
fxy
=
(=

10.200
7.84

18.125
9.15

67.672
17.97

13.062
6.40

9.229
6.68

113.129

26.82

99.360
8.31

1]
tz
+3
N

17.050
11.93

27.083
9.47

57.048
15.22

19.5C0
4.87

16.889
5.46

104.127
14.28

101.230
4.17

SET 3

13.767
1.83

24.250
2.06

53.923
7.67

12,103
1.52

8.125
2.34

110.579
3.82

99.619
2.50

SET 4

12,462
5.04

23.000
4,60

49.720
18.41

8.196
5.50

19.09

119.175
17.17

94.304
4.00

SET 5

16.150
9.28

27.000
14.35

56.666
16.27

11.867
6.26

6.333
9.05

102.858
6.22

99.307
5.18




TILT TABLE TESTS

Measure

Condition SET 6 SET 7 SET 8 SET @

(€3]
23
L
et
<

Blood Pressure

Avg Sys Pre-Tilt 116.875 120.250 120.875 106.500 117.500

6.02 4,43 8.23 0.00 5.61

Avg Dia Pre-Tilt 59.500 57.125 65.750 68.500 64.125
10.47 4,89 3.07 0.00 3.20

Pulse Pre-Tilt 57.375 63.125 55.125 38.000 53.375
11.48 8.76 5.68 0.00 3.50

Mean Pres Pre-Tilt  78.625 78.167 84.125 81.167 81.917
7.48 2.33 4.66 0.00 3.82

Avg Tilt Sys 120.350 125.100 122.200 120.400 120,600
7.41 6.84 14,15 0.00 5.03

Min Tilt Sys 110.000 117.500 89,250 115.000 110.750
9,93 9.85 59,85 0.00 10.34

Avg Tilt Dia 74.950 75.050 77.387 78.600 82.900
5.47 9.99 5.41 0.00 9.28

Max Tilt Dia 79.750 80.500 89.250 85.000 88,750
8.26 12.07 4.43 0.00 10.78

Avg Tilt Pulse 45,400 50.050 44.812 41,800 37.700
8.64 16.65 8.87 0.00 11,14

Min Tilt Pulse 35,250 40.000 30.250 30.000 25.250
14.82 17.15 20.30 0.00 17.80

Avg Tilt Mean 90.083 91.733 92.325 92.533 95.467
4.65 4.53 8.30 0.00 6.19

Min Tilt Mean 84.667 87.833 67.750 89.333 89.250
6.62 4,43 45,31 0.00 3.18

Avg Sys Post-Tilt  121.375 119.000 123.750 53,000 121.875
8.36 6.79 4.73 0.00 1.93

Avg Dia Post-Tilt 59.125 55,125 60.000 30.000 62.375
9.20 4,01 1.35 0.00 7.41

Delta Dia Avg 15.450 17.925 11.637 10.100 18.775
6.83 10.18 4.10 0.00 12.40

Delta Dia Max 20.250 23.375 23.500 16.500 24.625

5.74 12.17 7.45 0.00 13.59




TILT TABLE TESTS

Measure
Condition SET 6 SET 7 SET 8 SET 9 SET 10

Blood Pressure

Delta Pulse Avg 11.975 13,075 10.313 -3.800 15.675
14.58 16.96 3.34 0,00 9.61

Delta Pulse Max 22.125 23,125 24.875 8.000 28.125
14.14 18.67 14.77 0.00 15.91

Pct Delta Pulse 60.948 63.959 52.262 78.947 46.434
23.79 25,40 34.91 0,00 31.46

Delta Mean Avg 11.458 13.567 8.200 11.367 13.550
3.35 4.81 4,98 0.00 9,66

Delta Mean Pres 6.042 9.667 -16.375 8.167 7.333
2.92 4,22 41,06 0.00 6.59

Pct Return Pulse 111.842 101,905 116.063 60.526 il1l.162
22.39 13.08 7.58 0.00 11.77

Pct Return Mean 101.482 97.815 96,725 46.407 100.685

2.75 4.48 3.49 0.00 9.77

i



Measure
Condition

Blood Pressure

Avg Sys Pre-Tilt
Avg Dia Pre-Tilt
Pulse Pre-Tilt
Mean Pres Pre-Tilt
Avg Tilt Sys

Min Tilt Sys

Avg Tilt Dia

Max Tilt Dia

Avg Tilt Pulse
Min Tilt Pulse
Avg Tilt Mean

Mih Tilt Mean

Avg Sys Post-Tilt
Avg Dia Post-Tilt
Delta Dia Avg

Delta Dia Max

TILT

TABLE TESTS

7]
e}
]
'_l
|-.l

111.063
10.89

57.313
11.30

53.750
11.54

75.229
9.75

113.175
7.19

107.000
9.17

74.175
8.54

79.750
8.08

39.000
8.62

30.000
8.75

87.175
7.02

81.625
7.28

112.250
8.63

61.313
11.28

16.862
8.89

22.438
10.73

w
t
+3
o
[\S]

107.750
4.27

55.417
5.39

52.333
6.31

72.861
4.08

116.100
2.44

109.500
4.04

71.800
5.11

76.500
5.82

44.300
6.06

35.000
7.62

86.567
3.35

83.444
4.53

112.667
5.31

57.333
4.45

16.383
7.54

21.083
9.17

%]
td
3
’-l
w

125.375
4.19

75.250
6.38

50.125
6.17

91.958
4.96

125.050
7.29

120.000
8.21

86.700
8.94

93.750
8.66

38.350
10.55

29.750
12.18

99,483
6.80

94.667
8.59

130.125
4,25

80.500
7.93

11.450
4.35

18.500
4.88

121.625
4.39

67.125
4.31

54.500
6.94

85,292
2.84

118.200
7.28

110.250
9.29

86.500
6.23

95,250
8.66

31.700
8.20

20.500
10.08

97.067
5.34

92.917
4.65

127.500
7.38

74.625
5.62

19,375
4.10

28.125
7.27

128.000
4.24

67.500
8.11

60.500
5.61

87.667
6.55

126.812
8.62

120.750
8.42

85.825
8.90

90.000
7.07

40.987
5.68

31.750
5.74

99.487
8.39

95.417
11.21

128.375
0.95

68.000
7.33

18.325
8.43

22.500
7.11



Measure
Condition

Blood Pressure

Delta Pulse Avg

Delta Pulse Max

Pct Delta Pulcse

Delta Mean Avg

Delta Mean Pres

Pct Return Pulse

Pct Return Mean

TILT TABLE TESTS

SET 11

14.750
9.20

23.750
10.93

56.551
15.56

11.94¢6
6.49

6.396
6.48

97.555
20.80

104.368
6.76

SET 12

8.033
8.72

17.333
12,37

68.426
20,24

13.706
4.98

"10.583
5.55

106.375
8.20

104.202
7.22

P ACin N -

11.775
10.71

20.375
12,35

59.594
24.01

7.525
5.37

2.708
5.86

99.682
9.67

105.476
2.21

22,800
3.11

34.000
5.34

36.448
15.11

11,775
3.45

7.625
3.59

97.514
8.49

108.108
4.12

"
tg
3
(=]
o

19,513
4.94

28.750
6.33

52.547
8.84

11.821
7.28

7.750
9.71

99.564
3.33

100.659
3.47



Measure

LA L PP §

Blood Pressure

Avg Sys Pre-Tilt

Avg Dia Pre-Tilt

Pulse Pre-Tilt

Mean Pres Pre-Tilt

Avg Tilt

Min Tilt

Avg Tilt

Max Tilt

Avg Tilt

Min Tilt

Avg Tilt

Min Tilt

Avg Sys Post-Tilt

Avg Dia Post-Tilt

Sys

Sys

Dia

Dia

Pulse

Pulse

Mean

Mean

Delta Dia Avg

Delta Dia Max

TILT TABLE TESTS

w
o
+3
'-I
(<)
wn
9
+3
'-l
-~J
[}]
es]
]
l—)
o
n
txi
=l
j—l
(V]
w

r!jr
=)

N
<

119.333 128.500 122.125 116.500 122,000
3.33 10.61 3.82 0.00 3.29

70.333 66.750 66.875 61.500 75.750
4.31 9.91 14.08 0.00 3.71

49,000 61.750 55.250 55.000 46.250
5.20 10.81 14.12 0.00 3.20

86.667 87.333 85.292 79.833 91.167
3.18 8.78 9.63 0.00 3.24

116.667 128.300 119.800 113.800 119.400
5.25 8.98 4.16 0.00 3.99

109.667 117.250 115.750 105.000 114.250
6.81 12.79 5.91 0.00 3.20

84.400 83.200 82.950 78.000 89.350
5.20 11.69 5.23 0.00 6.81

90.000 88.750 87.250 82.000 93.500
4.58 9.36 6.85 0.00 5.07

32.267 45.100 36.850 35.800 30.050
9.10 10.92 2.74 0.00 7.38

23.333 35.000 30.500 24,000 24.750
14.19 15.25 2.52 0.00 9.54

85.156 98.233 95.233 89.933 99,367
2.97 9.57 4.72 0.00 4.91

90.778 92.750 91.250 84.333 96.250
3.37 11.69 4.41 0.00 5.49

124.833 127.000 122.875 121.500 127.625
2.36 9.47 6.05 0.00 2.17

75.167 68.625 65.750 68.500 81.750
4.16 6.68 5.33 0.00 6.71

14.067 16.450 16.075 16.500 13.600
3.33 2.63 10.96 0.00 7.08

19.667 22.000 20.375 20.500 17.750
4.37 2.94 10.85 0.00 6.38




TILT TABLE TESTS

Measure
Condition SET 16 SET 17 SET 18 SET 19 SET 20

Blood Pressure

Delta Pulse Avg 16.733 16.650 18.400 19.200 16.200
5.25 5.42 11.92 6.00 8.63

Delta Pulse Max 25,667 26.750 24,750 31.000 21.500
10.69 8.46 11.89 0.00 10.49

Pct Delta Pulse 46.456 55.138 57.032 43.636 53.855
25.56 18.62 9.61 0.00 22.25

Delta Mean Avg 8.489 10.900 9,942 10.100 8.200
1.58 1.11 7.25 0.00 4.97

Delta Mean Pres 4.111 5.417 5.958 4,500 5.083
0.25 4.09 7.44 0.00 6.10

Pct Return Pulse 101.627 94,748 107.626 96,364 99,115
4.65 6.16 24.05 0.00 9,97

Pct Return Mean 105.920 101.132 99,993 107.933 106.547

5.21 4.49 8.47 0.00 6.65




TILT TABLE TESTS

Measure
Condition SET 21 SET 22 SET 23 SET 24 SET 25

Blood Pressure

Avg Sys Pre-Tilt 104.500 108,250 116.125 110.813 108.542

3.37 4.56 6.68 9.94 7.77

Avg Dia Pre-Tilt 61.125 59.625 67.000 56.188 50.750
7.65 9.11 4.56 11.17 6.27

Pulse Pre-Tilt 43.375 48.625 49.125 54.625 57.792
9.25 9.58 6.71 10.53 9.51

Mean Pres Pre-Tilt 75.583 75.833 83.375 74.396 70.014
4.88 6.47 4.33 9.56 5.13

Avg Tilt Sys 105.200 113.100 114.750 115.000 116.783
11.27 6.29 5.51 7.38 7.31

Min Tilt Sys 100.500 105.500 105.750 109.063 110.583
8.70 8.54 4.27 9.34 6.35

Avg Tilt Dia 67.425 71.850 75.200 72.850 71.533
13.67 8.02 6.39 7.85 4.38

Max Tilt Dia 71.500 76.000 78.750 78.438 76.417
16.50 8.04 6.02 7.21 4.60

Avg Tilt Pulse 37.775 41.250 39.550 42,150 45.250
5.54 5.00 1.54 8.79 10.10

Min Tilt Pulse 32.250 31.500 29.500 33.688 35.583
8.46 4.80 8.19 10.13 9.09

Avg Tilt Mean 80.017 85.600 88.383 86.900 86.617
12.66 7.10 6.07 6.49 2.82

Min Tilt Mean 76.250 81.667 84.250 82.208 83.750
9.95 5.96 5.69 7.04 3.62

Avg Sys Post-Tilt 105.625 111.750 114.250 113.063 111.958
4.75 4.21 3.18 9.66 5.89

Avg Dia Post-Tilt 55.750 57.375 63.750 56.844 51.792
3.80 7.72 6.44 11.90 6.98

~Delta Dia Avg 6.300 12,225 8.200 16.662 20.783
11.10 2.43 5.75 8.43 7.74

Delta Dia Max 10.375 16.375 11.750 22.250 25.667

12.80 3.47 6.61 10.14 8.51




t Blood Pressure

| Delta Pulse Avg

, Delta Pulse Max

Pct Delta Pulse

Delta Mean Avg

Delta Mean Pres

Pct Return Pulse

i Pct Return Mean

TILT TABLE TESTS

SET 21 SET 22
5.600 7.375
7.68 8.03

11.125 17.125
8.87 11.46
75.918 67.092
19.45 18.22
4.433 9.767
11.51 2.53
0.667 5.833
9.69 2.40

117.857 112.665
19.33 9.73
95.988 99.678

9.575
7.94

19.625
14.90

62.445
23.44

5.008
3.26

0.875
1.96

102.801
7.12

96.717
4.05

12.475
8.59

20.938
10.16

62.112
17.22

12.504
6.25

7.813
6.52

105,342
24.54

101.864
7.76

12,542
11.02

22.208
11.67

62.737
18.08

16.603
5.59

13.736
6.20

105.251
11.17

102.716
5.84
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Measure

Condition

Blood

Pressure

Avg

Avg

Sys Pre-Tilt

bia Pre-Tilt

Pulse Pre-Tilt

Mean Pres Pre-Tilt

Avg

Min

Avg

Max

Avg

Min

Avg

Min

Avg

Avg

Tilt Sys
Tilt Sys
Tilt Dia
Tilt Dia
Tilt Pulse
Tilt Pulse
Tilt Mean
Tilt Mean

Sys Post-Tilt

Dia Post-~-Tilt

Delta Dia Avg

Delta Dia Max

TILT TABLE TESTS

mn
13
~3
)
o)

122.250
9.50

70.563
8.24

51.688
5.69

87.792
8.26

123.550
9.40

118.000
9.07

84.633
7.39

91.000
7.54

38.917
8.03

29.375
9.10

97.606
7.18

93.208
7.58

126.438
11.05

72,125
11.79

14.071
4.16

20.438
4.52

SET 27

119.563
4.44

67.938
5.78

51.625
9.20

85.146
3.17

117.362
6.38

107.625
10.20

83.800
8.28

91.750
10.54

33.994
11.29

23.125
12.32

95.131
5.54

87.750
12.91

122.875
7.52

67.813
9.20

15.862
6.41

23.813
7.49

SET 28

124.625
5.77

64.375
11.21

60.250
10.83

84.458
8.30

124.581
7.13

118.375
6.52

82.162
8.99

87.500
6.59

42.419
8.62

32.375
6.41

96.302
7.37

91.500
9.75

125,188
5.76

64.188
13.11

17.787
7.92

23.125
7.72

SET 29

117.929
4.85

64.143
9.72

53.786
9.74

82.071
7.06

118.771
6.37

109.857
8.05

79.000
7.03

84.143.

8.43

39.771
10.69

30,143
14.75

92.257
4.59

87.286
6.03

122.857
6.34

66.000
11.03

14.857
5.25

20.000
4.79

SET 30

124.375
8.72

61.938
8.88

62,438
9.14

82.750
7.70

126.700
7.58

117.375
10.57

79.125
10.97

84.625
10.93

47.575
13.30

37.500
15.26

94.983
7.75

90.292
8.60

123.000
8.75

61.875
8083

17.187
6.93

22,688
8.23



. TILT TABLE TESTS

Measure
Condition SET 26 SET 27 SET 28 SET 25 SET 30
Blood Pressure
Delta Pulse Avg 12.771 17.631 17.831 14.014 14.863
7.19 6.75 7.11 11.04 11.81
Delta Pulse Max 22.313 28.500 27.875 23.643 24.938
8.46 7.47 10.31 11.90 13.56
Pct Delta Pulse 56.758 43,084 54,607 54,737 59.548
16.78 17.13 12.32 23.68 21.15
Delta Mean Avg 9.814 9.985 11.844 10.186 12,233
4,40 4,66 6.28 3.00 3.53
Delta Mean Pres 5.417 2.604 7.042 5.214 7.542
5.05 13.81 8.72 2.31 4.47
Pct Return Pulse 105.130 108.345 101.211 107.464 98.326
8.96 17.07 4.95 16.96 10.21
Pct Return Mean 102.548 101.206 99,983 103.384 99,474

3.82 8.28 4.14 4.29 4.51




Measure

Condition

Blood Pressure

Avg Sys Pre-Tilt

Avg Dia Pre~Tilt

Pulse Pre-Tilt

Mean Pres Pre-Tilt

Avg Tilt Sys

Min

Avg

Max

Avg

Min

Avg

Min

Avg

Avg

Tilt

Tilt

Tilt

Tilt

Tilt

Tilt

Sys

Dia

Dia

Pulse

Pulse

Mean

Tilt Mean

Sys Post-Tilt

Dia Post-Tilt

Delta Dia Avg

Delta Dia Max

TILT

TABLE TESTS

SET 31

121.500
5.98

66.313
9.45

55.188
9.96

84.708
7.03

121.000
9.74

102.500
41.84

80.169
5.75

88.250
5.44

40.831
7.42

30.375
13.39

93.779
6.44

79.500
32.34

123.313
5.05

62.875
4.73

13.856
8.02

21.938
8.78

SET 32

111.500
7.07

65.000
4.95

46.500
12.02

80.500
0.94

117.100
4.67

110.000
7.07

78.300
0.42

83.500
2.12

38.800
4.24

27.000
4.24

91.233
1.84

86.833
3.54

87.250
48,44

49.250
27.22

13.300
4.53

18.500
2.83

SET 33

119.750
4.89

69.938
6.99

49.813
4.91

86.542
5.93

120.000
4.25

112.500
7.33

86.125
8.29

91.125
8.20

33.875
9.66

25.000
13.22

97.417
5.58

92.750
5.59

124.750
3.62

72.063
12.25

16.187
9.75

21.188
10.49



TILT TABLE TESTS

<

Measure
Condition SET 31 SET 32 SET 33
Blood Pressure
Delta Pulse Avg 14.356 7.700 15,938
9.19 16.26 8.46
Delta Pulse Max 24.813 19.500 24.813
12.42 16.26 12.97
Pct Delta Pulse 54.647 61.292 50.144
23.84 24,97 25,54
Delta Mean Avg 9.071 10.733 10.875
5.83 0.90 7.67
Delta Mean Pres ~-5.208 6.333 6,208
29.81 2.59 6.00
Pct Return Pulse 111.844 78,445 105.139
17.12 25.34 11.97
Pct Return Mean 98.359 77.170 103.616

6.25 43.51 8.34



TILT TABLE TESTS

Measure
Condition SET 1 SET 2 SET 3 SET 4 SET 5

Limb Volume

Left Leg S1 6.045 5.478 4.450 4,370 5.287
1.48 1.75 2.59 1.26 1.16
Right Leg 81 6.857 5.472 3.320 3.880 6.667
0.95 2.10 0.00 0.90 3.46
Average S1 4.571 5.446 2.312 2.012 4,482
3.04 1.62 2.99 2.37 3.49
Left Leg S2 0.125 0.152 0.127 0.110 0.110
0.03 0.03 0.04 0.04 0.02
Right Leg S2 0.144 0.144 0.152 0.110 0.125
0.02 0.04 0.03 0.03 0.01
Average S2 0.133 0.151 0.140 6.110 0.117
0.03 0.03 0.03 0.03 0.02
Left Leg To 2.236 2.203 2,045 2.317 2.005
0.69 0.60 1.39 0.93 0.47
Right Leg To 2.486 2.280 1.867 2.545 2.115
0.41 0.29 0.64 0.43 0.24
Average To 2.341 2.177 1.956 2.431 2.060
0.52 0.46 1.01 0.68 0.31
Left Leg T15 4,155 4.243 3.870 4,132 3.960
0.85 0.58 1.29 0.85 0.38
Right Leg T15 4.691 3.984 4.145 4,392 4,015
0.59 0.95 0.65 0.59 0.20
Average T15 4.404 4.126 4.007 4.262 3.987
0.63 0.65 0.97 0.66 0.22




TILT TABLE TESTS

Measure
Condition SET 6 SET 7 SET 8 SET 9 SET 10

Limb Volume

Left Leg S1 5.975 5.717 5.750 4.050 5.913
1.28 0.89 1.34 0.00 2.90
Right Leg S1 8.830 7.000 6.847 12.100 8.150
0.00 1.41 3.08 0.00 3.45
Average S1 3.231 4.769 4.724 8.075 5.274
3.90 3.22 3.63 0.00 3.58
Left Leg S2 0.145 0.142 0.145 0.190 0.140
0.03 0.02 0.04 0.00 0.01
Right Leg S2 0.152 0.140 0.155 0.190 0.130
0.02 0.04 0.01 0.00 0.04
Average S2 0.149 0.141 0.150 0.190 0.127
0.01 0.03 0.02 0.00 0.03
Left Leg To 2.112 2.137 2.050 1.630 2.357
0.46 0.23 0.38 0.00 c.84
Right Leg To 2.400 3.042 2.427 2.680 2.777
0.35 1.28 0.30 0.00 0.66
Average To 2.256 2.590 2.239 2.155 2.535
0.33 0.55 0.24 0.00 0.61
Left Leg T15 4.195 4,015 4,067 4.410 4,377
0.81 0.36 0.81 0.00 0.57
Right Leg T15 4,675 4.677 4,667 5.920 4,722
0.43 0.89 0.47 0.00 1.00
Average T15 4.435 4.346 4.367 5.165 4.424
0.48 0.53 0.50 0.00 0.77



Measgurec
Condition

Limb Volume

Left Leg S1

Right Leg 51

Average S1

Left Leg S2

Right Leg S2

Average S2

Left Leg To

Right Leg To

Average To

Left Leg T15

Right Leg T15

Average T15

TILT TABLE TESTS

SET 11

5.239
2.50

5.783
2.77

5.272
2.39

0.114
0.03

0.144
0.03

0.129
0.03

2.174
0.56

2.507
0.77

2.341
0.53

3.719
0.36

4.592
0.84

4.156
0.48

SET 12

6.308
1.97

5.788
1.37

6.048
1.57

0.115
0.03

0.117
0.02

0.116
0.03

2.318
0.23

2.173
0.31

2,246
0.24

4.075
0.33

3.852
0.62

3.963
0.42

SET 13

1.210
0.00

4.400
0.23

1.821
2.23

0.117
0.06

0.137
0.05

0.124
0.05

2.217
0.81

2.692
0.66

2.601
0.77

4.167
1.08

4.540
0.91

4,354
0.87

SET 14

4.900
2.36

3.840
0.00

3.627
3.11

0.092
0.01

0.097
0.01

0.095
0.01

2,537
0.45

2.357
0.44

2,447
0.36

3.907
0.42

3.787
0.51

3.847
0.37

SET 15

5.933
3.04

6.963
1.34

4.836
3.40

0.110
0.04

0.127
0.04

0.119
0.04

2,502
0.87

2.400
0.82

2.451
0.80

3.975
0.98

4,050
0.71

4,012
0.79



Measure
Condition

Limb Volume

Left Leg S1

Right Leg Sl

Average €1

Left Leg S2

Right Leg S2

Average S2

Left Leg To

Right Leg To

Average To

Left Leg T15

Right Leg T15

Average T15

SET 16

4,
0.

6.
2.

6.
3.

0.
0.

0.
0'

0.
0.

1.
0'

2.
0'

2.
0’

3'
0.

4.
1.

3.
0.

TILT TABLE TESTS

025
19

900
76

438
01

120
02

143
02

132
02

890
06

593
42

242
24

623
34

000

A
<

812
84

SET 17

SET 18

5.497
0.92

5.602
2.24

5.550
1.36

0.127
0.04

0.140
0.03

0.134
0.03

2.147
0.19

2.212
0.63

2.180
0.41

4,000
0.61

4.292
1.04

4.146
0.79

SET 19

2.920
0.00

5.310
0.00

4,115
0.00

0.090
0.00

0.140
0.00

0.115
0.00

1.850
0.00

1.970
0.00

1.910
0.00

2.970
0.00

4.060
0.00

3.515
0.00

SET 20

4,177
0.53

5.557
1.59

4,867
0.82

0.110
0.04

0.127
0.04

0.119
0.04

2.082
0.17

2.115
0.45

2.099
0.31

3.612
0.64

3.675
1.04

3.644
0.84
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TILT TABLE TESTS

Measure
Condition SET 21 SET 22 SET 23 SET 24 SET 25

Limb Volume

Left Leg S1 5.112 4.883 0.000 5.584 5.893
0.81 1.61 96.76 2.09 1.83
Right Leg S1 5.850 5.710 5.030 6.141 5.662
1.63 2.27 0.00 2.31 1.59
Average S1 5.180 3.972 1.257 4,921 5.747
0.99 3.08 2.51 2.66 1.55
Left Leg S2 0.160 0.140 0.100 0.119 0.133
0.02 0.02 0.01 0.03 0.04
Right Leg S2 0.167 0.145 0.125 0.144 0.129
0.02 0.02 0.01 0.03 0.03
Average S2 0.164 0.142 0.112 0.131 0.133
0.02 0.02 0.01 0.03 0.03
Left Leg To 1.552 1.642 1.267 2,205 2.261
0.67 0.49 0.21 0.61 0.44
Right Leg To 1.987 1.982 2.142 2.497 2,222
0.42 0.31 0.24 0.61 0.29
Average To 1.770 1.812 1.705 2.341 2.212
0.50 0.38 0.22 0.51 0.35
Left Leg T15 3.873 3.587 2.540 3.937 4.159
0.76 0.90 0.30 0.67 0.46
Right Leg T15 4.565 4,025 3.745 4.639 3.912
0.78 0.49 0.37 0.71 0.75
Average T15 4,219 3.806 3.142 4,280 4.045

0.74 0.68 0.30 0.56 0.53




TILT TABLE TESTS

. Measure

Condition SET 26 SET 27 SET 28 SET 30

n
x5 ]
L
N
O

Limb Volume

Left Leg S1 3.370 4.688 5.610 5.000 5.495
2.62 1.81 2.09 1.35 1.02

Right Leg s1 4.040 3.860 6.815 7.382 7.828
0.64 0.03 2.35 2,45 1.51

Average S1 2.067 2,820 4.659 4.606 4.996
2.46 2.70 3.19 3.68 3.19

Left Leg S2 0.123 0.101 0.110 0.134 0.134
0.04 0.03 0.03 0.03 0.03

Right Leg S2 0.145 0.104 0.126 0.149 0.139
F 0.04 0.02 0.03 0.02 0.03

Average 8§82 0.132 0.102 0.118 0.141 0.136
2.04 0.02 0.03 0.02 0.03

Left Leg To 2.119 2,427 2,254 2.017 2.210
1.09 0.69 0.70 0.35 0.43

F Right Lea To 2,280 2.451 2.257 2.483 2.665
0.75 0.41 0.58 0.36 0.95

Average To 2.279 2.439 2.256 2.250 2.437
0.90 0.51 0.60 0.27 0.46

Left Leg T15 4.019 4,020 3.967 3.950 4.074
1.11 0.63 0.69 0.68 0.71

Right Leg T15 £.342 4,090 4,032 4.386 4.532
0.77 0.60 0.49 0.93 0.76

Average T15 4.181 4.055 4.000 4,168 4.303

0.87 0.54 0.54 0.68 0.65




TILT TABLE TESTS

Measure
Condition SET 31 SET 32 SET 33

Limb Volume

Left Leg S1 5.606 3.485 4,921
1.02 0.80 1.95
Right Leg S1 6.136 8.705 6.669
2,47 4,80 2.68
Average Sl 5.137 6.095 5.071
2.57 2,80 2.41
Left Leg S2 0.136 0.140 0.123
0.04 0.07 0.03
Right Leg S2 0.147 0.165 0.129
0.02 0.04 0.03
Average S2 0.142 0.152 0.123
0.03 0.05 0.03
Left Leg To 2.099 1.740 2.200
0.28 0.16 0.52
Right Leg To 2.320 2.325 2.446
0.47 0.50 0.€3
Average To 2.209 2.032 2.317
0.31 0.17 0.50
Left Leg T15 4.034 3.690 3.940
0.67 1.02 0.69
Right Leg T15 4.480 4.990 4,199
0.77 1.32 1.10
Average T15 4£.257 4,340 4.034

0.62 1.17 0.85




Measure
Condition

Heart Rate

Rvg Pre-NP

Avg Step I NP

Avg Step II NP

Avg Step III NP

Avg Total NP

Max Hr NP

Avg Post-NP

Delta Hr Avg

Delta Hr Max

Pct Delta Hr Max

Pct Delta Hr Return

NEGATIVE PRESSURE TESTS

57.250
4.40

54.965
2.80

57.299
2.46

58.431
2.28

56.898
2.19

64.500
3.34

56.000
2,39

-0.352
2.80

7.250
4.717

113.140
8.93

98.071
£.25

64.333
13,94

62.046
12.56

65.194
13.29

65.583
10.86

64.275
12.02

72.000
13.62

66.000
12.71

-0.059
2.81

7.667
3.44

112.513
6‘85

103.053
4.48

o
e}
-
(7%

52.000
7.12

52.819
7.84

54,542
9.37

58.778
6.62

55.380
7.92

64.000
10.33

56.000
8.16

3.380
1.57

12.000
4.32

122.914
6.47

107.654
5.33

vz}
tx

51
9

50

7.

52.
8.

54.

7

52
7

60
8

59
5

1
3

8
1

117
6

117
20

.500
.98

.847
01

236
67

931
.52

.671
.69

.000
.64

.000
.29

171
.91

.500
.91

474
.94

194
.34

145}
s}
=l
(92}

64.500
16.68

63.569
11.41

66.514
11.46

68.694
13.46

66.259
12.00

74.000
12.44

71.500
16.52

1.759
8.01

92,500
7.90

117.909
17.67

112.269
12.86



Measure

Condition

Heart

Rate

Avg

Avg

Avg

Avg

Avg

Max

Avg

Pre-~NP

Step I NP

Step II NP

Step III NP

Total NP

Hr NP

Post~NP

Delta Hr Avg

Delta Er Max

Pct

Pct

Delta Hr Max

Delta Hr Return

NEGATIVE PRESSURE TESTS

SET 6

58.500
9.57

57.917
11.20

61.097
5.20

62.722
6.03

60.579
7.21

73.000
10.52

63.500
10.75

2.079
5.32

14.500
8.70

126.016
15.92

108.970
10.49

SET 7

54.500
17.39

54.597
10.42

58.042
12.35

57.069
10.10

56.569
10.95

65.000
11.49

61.500
8.23

2.069
6.60

10.500
6.81

123.973
22.10

118.286
23.86

SET 8

55.000
11.14

55.806
9.43

55.931
10.76

56.431
10.02

56.056
10.01

65.000
12,38

55.500
9.15

1,056
2.31

10.000
1.63

118.418
2.29

101.667
5.77

SET 9

40.000
0.00

44,000
0.00

45.333
0.00

47.111
0.00

45.481
0.00

56.000
0.00

48,000
0.00

5.481
0.00

16.000
0.00

140.000
0.00

120.000
0.00

SET 10

49.500
4,43

49.569
5.18

50.472
2.86

52.028
4,20

50.690
4.02

58.000
4.00

59.000
9.31

1.190
3.45

8.500
4.73

117.680
10.29

120.526
25.44




NEGATIVE PRESSURE TESTS

Measure
Condition SET 11 SET 12 SET 13 SET 14 SET 15
Heart Rate
Avg Pre-NP 62.000 67.333 67.000 64.000 78.000
8.14 7.97 7.75 8.79 9.52
Avg Step 1 NP 60.937 66.296 66.750 63.472 78.000
6.72 6.14 6.84 7.22 5.72
Avg Step II NP 61.500 68.516 67.944 70.653 79.222
6.13 5.34 6.65 8.42 5.68
Avg Step III NP 63.604 70.204 72.194 71.986 80.194
4.69 6.06 7.71 8.37 5.74
Avg Total NP 62.014 68.339 68.963 68.704 79.139
5.60 5.74 6.97 7.40 5.55
Max Hr NP 70.000 76.333 77.000 80.000 85.000
6.05 4,46 8.87 8.64 5.03
Avg Post-NP 65.250 70.667 69.500 69.000 78.000
4.77 10.25 6.40 7.39 6.32
Delta Hr Avg 0.014 1.005 1.963 4.704 1.139
3.91 3.25 2.14 5.79 4,79
Delta Hr Max 8.000 9.000 10.000 16.000 7.000
6.41 6.54 4,32 7.83 7.57

Pct Delta Hr Max 113.898 114.318 115.052 125.861 109.823
12.24 11.36 6.36 13.26 10.24

Pct Delta Hr Return 106.031 105.602 104.009 108.480 100.420
8.08 16.21 4.52 10.86 5.33




NEGATIVE PRESSURE TESTS

Measure
Condition GSET 16 SET 17 SET 18 SET 19 SET 20
Heart Rate

Avg Pre-NP 65.333 70.500 66.000 86.000 63.000
14,74 11.82 8.00 0.00 12.70

Avg Step I NP 65.167 71.347 66.875 84,444 63.986
11.56 11.04 7.60 0.00 10.90

Avg Step II NP 66.667 70.625 64.958 86.000 63.417
11.56 11.25 7.97 0.00 9.72

Avg Step III NP 73.389 71.542 66.079 86.000 67.083
12.14 10.03 6.93 0.00 10.64

Avg Total NP 68.407 71.171 65.971 85.481 64.829
9.96 10.70 7.46 0.00 10.23

Max Hr NP 80.000 79.000 74.000 92,000 74.000
10.58 13.61 6.93 0.00 11.55

Avg Post-NP 70.000 75.000 48,000 88.000 65.500
8.72 12.70 32.78 0.00 11.12

Delta Hr Avg 3.074 0.671 -0.029 -0.519 1.829
5.27 3.37 1.47 0.00 2.86

Delta Hr Max 14.667 8.500 8.000 6.000 11.000
13.01 3.00 2.31 0.00 2.58

Pct Delta Hr Max 125.011 112.020 112,407 106.977 118,222
22.13 3.55 4,37 0.00 5.95

Pct Delta Hr Return 109.042 106.406 71.299 102.326 104.656

15.43 5.47 47.55 0.00 9.06




Heart

L.

Measure

Condition

Rate

Avg

Avg

Avg

Avg

Avg

™ —
=
o)}
b

Pre~NP

Step I NP

Step II NP

Step III NP

Total NP

Hr NP

Post~NP

Delta Hr Avg

Delta Hr Max

Pct Delta Hr Max

Pct Delta Hr Return 111.310

NEGATIVE PRESSURE TESTS
SET 21  SET 22  SET 23
60.000  69.000  63.500
10.33 17.32 1.00
60.625  67.750  62.681

9.28 16.89 1.47
62.167  68.444  61.486
12.52 17.10 2.46
63.028  68.778  65.139
12.54 18.08 4.33
61.940  68.324  63.102
11.34 17.32 1.69
69.000  73.000  73.000
14.38 18.58 2.00
67.000  69.500  66.000
13.71 18.86 3.65

1.940  -0.676  -0.398

1.37 1.23 2.44

9.000 4.000 9.500

5.03 1.63 3.00

114.633  105.768  115.020

6.39 1.84 5.04

100.351  104.007
5.52 2.78 7.10

[¢1]
tzl
=l
N
o

59.625
6.78

57.951
5.85

59,399
5.01

61.017
4.45

59.456
4,89

67.250
5.51

60.625
6.01

-0.169
3.29

7.625
5.48

113.519
10.36

102.051
7.47

92}
e}
i
[ %
wm

65.833
10.94

64.171
9.68

66.855
9.81

67.894
8.72

66.307
9.23

74.167
9.93

68.333
11.28

0.473
2.95

8.333
5.03

113.416
8.99

104.327
11.41




T

Measure

0O

Heart

ondition

Rate

Avg

Avg

Avg

Avg

Avg

Max

Avg

Pre-NP

Step I NP

Step II NP

Step III NP

Total NP

Hr NP

Post-NP

Delta Hr Avg

Delta Hr Max

Pct Delta Er Max

NEGATIVE PRESSURE TESTS

SET 26

59.500
10.57

59.785
10.09

61.243
10.39

65.486
9.78

62.171
10.02

70.500
11.30

62.750
9.91

2.671
1.90

11.000
4.14

118.983

7.28

Pct Delta Hr Return 105.831

4.97

SET 27

57.750
10.98

57.160
9.43

61.444
12,63

63.458
11.72

60.687
11.06

70.000
13.35

64.000
8.00

2,937
4.95

12,250
6.63

121.668
10.78

112.837
15.80

SET 28

71.250
14.50

70.785
11.37

72.868
10.78

74.444
11.38

72.699
11.06

79.500
10.57

74.750
12.09

1.449
6.12

8.250
7.29

113.866
14.05

106.344
11.10

" SET 29

61.429
11.47

61.024
11.06

63.484
8.18

67.294
9.99

63.934
8.75

76.000
10.33

66.286
9.76

2.505
4.86

14.571
9.71

125.585
17.04

109.001
11.59

SET 30

62.500
16.20

62.972
13.38

64,333
12.84

64.306
12.11

63.870
12.70

72.000
13.86

68.250
12.26

1.370
4.91

9.500
4.99

117.997
15.99

112.346
17.24



NEGATIVE PRESSURE TESTS

Measure
Condition SET 31 SET 32 SET 33
Heart Rate

Avg Pre-NP 60.500 63.000 56.250
10.73 32.53 11.39

Avg Step I NP 61.340 64.222 56.778
9.89 28.60 11.04

Avg Step II NP 60.444 65.667 56.944
10.01 28,76 9,59

Avg Step III NP 61.255 66.556 59.556
9.50 27.50 10.99

Avg Total NP 61.013 65.481 57.759
9.74 28.28 10.43

Max Hxr NP 69.500 74.000 66.000
10.46 25.46 11.71

Avg Post-NP 51.750 68.000 62.250
22.64 28.28 10.11

Delta Hr Avg 0.513 2.481 1.509
1.89 4,24 2.96

Delta Hr Max 9.000 11.000 9,750
2.14 7.07 3.77

Pct Delta Hr Max 115.412 123.488 117.951
4.56 23.35 7.78

Pct Delta Hr Return 86.483 111.163 112.591
35.31 12.50 19.61



Measure
Condition

Blood Pressure

Avg Sys Pre-NP

Avg Dia Pre-NP

Avg Pulse Pre-NP

Avg Mean Pulse Pre-NP

Total Sys Steps

Total Pulse Steps

Total Mean Steps

Sys Post-NP

Dia Post-NP

Pulse Post-NP

Mean Post-NP

Min Systolic

Max Diastolic

Min Pulse

Min MBP

Delta Pulse Max

NEGATIVE PRESSURE TESTS

SET 1

107.688
8.51

56.688
10.01

51.000
9.16

73.687
8.51

108.187
9.24

49.146
10.84

75.424
7.78

111.063
11.28

57.000
6.81

54.063
11.62

75.021
6.58

103.250
8.41

63.250
10.70

41.750
9.24

72.458
7.79

9.250
4.17

SET 2

113.333
7.37

56.333
4.40

57.000
8.67

75.333
3.78

110.583
7.88

52.556
9.9¢

75.516
4,48

110.917
7.43

59.€67
8.07

51.250
9.66

76.750
6.41

105.167
6.77

63.333
7.12

45.833
10.83

71.667
4,48

11.167
6.65

SET 3

115.625
12.37

69.625
7.66

46.000
5.55

84.958
9.13

112.792
11.21

39.833
5.14

86.236
10.92

112.750
11.87

71.250
10.09

41.500
7.58

85.083
10.10

109.500
10.63

79.500
12.97

33.000
5.42

81.750
10.31

13.000
7.63

SET 4

116.750
3.66

69.500
6.94

47.250
4,19

85.250
5.72

114.333
7.50

42.542
7.02

85.972
4.43

114.875
4.44

71.250
5.55

43.625
6.39

85.792
4.24

107.000
12.36

78.500
5.57

31.000
7.48

82.250
5.10

16.250
11.44

SET 5

117.500
8.81

64.875
4.03

52.625
8.53

82.417
4,53

117.333
9.87

47.375
8.34

85.750
6.39

121.375
10.56

71.875
14.10

49,500
12,34

88,375
11.66

112.750
9.18

75.000
6.98

39.750
6.29

80.917
4.57

12.875
2.93



Measure
Condition

Blood Pressure

Pct Delta Pulse Max

Delta BP Mean Avg

Delta BP Mean Max

Pct Return Pulse

Pct Return BP Mean

NEGATIVE PRESSURE TESTS

SET 1

81.609
8.31

1.736
3.41

-1.229
3.25

106.928
22.09

102.132
4.61

SET 2

80.170
11.53

0.213
3.15

-3.667
4.07

90.442
14.35

101.807
5.39

SET 3

72.
15.

l.
4.

-‘31
5.

90.
13.

100.
5.

584
21

278
71

208
81

438
79

140
08

SET 4

66.936
21.43

0.722
3,53

-3.000
2.89

93.164
18.75

100.916
7.42

SET 5

75.629
2.91

3.333
2.24

-1.500
1.48

94.501
20.44

106.883
8.55




\

Maasure

Condition

Blood Pressure

Avg Sys Pre-XN

Avg Dia Pre-NP

Avg Pulse Pre-NP

Avg Mean Pulse Pre-NP

Total Sys Steps

Total Pulse Stens

Total Mean Sters

Sys Post-NP

Dia Post-NP

Pulse Pogt-NP

Mean Post-NP

Min Systolic

Max Diastolic

Min Pulse

Min MBP

Delta Pulse Max

SET 6

116.875
7.66

63.750
6.81

53.125
3.61

81.458
6.90

116.042
9.39

47.958
5.12

84.069
6.67

114.750
6.75

66.000
8.42

48.750
7.17

82.250
7.14

109.750
€.55

73.750
6.40

40.000
3.83

79.083
7.89

13.125
0.25

SET 7

115.750
6.33

63.375
5.96

52.375
10.37

€0.833
3.63

116.250
8.97

53.375
12.92

80.667
1000

113.000
7.11

62.750
6.12

50.250
12.74-

79.500
2.38

110.500
7.00

69.250
6.99

45.250
13.45

76.917
2.18

7.125
8.93

SET 8

116.125
6.34

65.125
4.53

51.00
9.37

82.125
2.76

120.250
8.67

51.208
8.58

86.111
3.05

120.750
8.72

65.625
4.71

55.125
9.66

84.000
4.41

114.750
8.02

76.667
5.51

41.000
5.89

81.417
3.78

10.000
6.04

107.000
0.00

63.000
0.00

44.000
0.00

77.667
0.00

108.667
0.00

42.500
0.00

80.333
0.00

106.500
0.00

66.000
0.00

20.500
0.00

79.500
0.00

100.000
0.00

72.000
0.000

37.000
0.00

75.333
0.00

7.000
0.00

SET 10

114.000
4.42

68.875
9.63

45,125
11.02

83.917
6.43

114.417
5.33

44,792
7.86

84.556
3.45

117.750
9.78

72.500
5.79

45,250
14.34

87.583
2.91

108.250
4,99

75.750
5.74

37.750
9.60

79.833
3.11

7.375
4.46




NEGATIVE PRESSURE TESTS

HMeasure
Condition SET & SET 7 SET 8 SET 9 SET 10
Blood Pressure
Pct Delta Pulse Max 75.184 86.341 81.078 84,091 83.989
2.18 16.96 8.31 0.00 .55
Delta BP Mean Avg 2.611 -0.167 3.986 2.667 0.63¢
2.60 3.30 4,73 0.00 3.96
Delta BP Mean Max -2,375 ~3.917 -0.708 -2,333 -4,083
5.53 2.88 5,26 0.00 4.02
Pct Return Pulse 91.464 95,429 108.725 92.045 101.182
8.23 7.74 13,77 0.00 25.64
Pect Return BP Mean 100.965 98.437 102.448 102.361 104.82¢
1.44 3.52 7.88 0.00 8.77
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Measure

Condition

Blood Pressure

Avg Sys Pre-~NP

Avg Dia Pre-NP

Avg Pulse Pre-NP

Avg Mean Pulse Pre-NP

Total Sys Steps

Total Pulse Steps

Total

Mean Steps

Sys Post-NP

Dia Post-NP

Pulse Post-NP

Mean

Post-NP

Min Systelic

Max Diastolic

Min Pulse

Min M

EP

Delta Pulse Max

ECATIVE PRESSURE TESTS
SET 11 SET 12 SET 13
109.688 110.167 122.000
10.03 3.82 .24
60.313 58.833 84.125
6.90 3.59 6.30
£9.375 51.333 37.875
9.73 3.53 5.75
76.771 75.944 96.750
6.65 3.27 5.01
110.771 108.806 118,917
9.71 3.82 2.01
49.333 49.361 39.208
10.22 2.94 4.71
77.882 75.898 92.778
5.75 4.35 5.05
112.438 109.500 122.250
9.77 4.74 4.97
50.500 58.167 80.250
3.32 6.37 8.45
51.938 51.333 42.000
10.07 5.89 3.63
77.812 75.278 94.250
4£.08 5.1¢ 7.28
105.375 104.833 114.250
11.19 3.66 2.75
64.333 64.600 85.000
7.09 5.46 6.68
44.125 43.833 32.000
11.41 5.04 5.83
74.292 72.667 88.417
5.24 3.82 4.79
5.250 7.500 5.875
7.66 6.88 6.36

SET 14

120.625
4.01

76.375
2.06

44,250
5.19

91.125%
1.48

119.542
4,12

39.417
5.51

93.264
2.20

122.375
4.70

79.700
2.68

42.875
5.23

93.792
2.46

115.500
4.51

85.667
3.7¢9

33.25¢C
6.40

89.250
2.94

11.000
3.70

SET 15

120.125
&.25

68.250
7.01

51.875
7.15

85.542
5.23

121.417
3.22

48,917
4.65

88.806
4.11

126.375
4.80

72.375
6.01

54.000
5.23

90.375
5.07

117.750
4,57

78.750
2.99

43.000
4.08

i il il weadbir
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M o
measure

Condition

Blood Pressure

Pct Delta Pulse Max

Delta BP Mean Avg

Delta BP Mean Max

Pct Return Pulse

Pct Return BP Mean

NEGATIVE PRESSURE TESTS

SET 11

89.548
14.29

1.111
3.39

-2.479
3.58

106.580
17.20

101.654
4.58

SET 12

85.913
13.02

3.79

-3.278
2.92

100.546
14.56

99.165
6.18

SET 13

85.110
14,37

-3.972
0.69

-8.333
2.33

112.109
12.54

97.330
2.83

SET 1¢

74.859
8.98

2.139
1.13

-1.875
2.42

96.935
5.07

102.919
1.56

SET 15

84,017
13.59

3.264
1.59

-0.458
0.88

105.228
15.05

105.702
3.10




Measure
Condition

Blood Pressure

Avg Sys Pre-NP

Avg Dia Pre-NP

Avg Pulse Pre-NP

Avg Mean Pulse Pre-NP

Total Sys Steps

Total Pulse Steps

Total Mean Steps

Sys Pcst-NP

Dia Post-NP

Pulse Post~NP

Mean Post-NP

Min Systolic

Max Diastolic

Min Pulse

Min MBP

Delta Pulse Max

NEGATIVE PRESSURE TESTS

SET 16

118.667
3.21

75.000
4.00

43.667
6.81

89.556
1.95

117.111
5.34

£2.167
5.53

89.000
1.78

120.500
4,27

76.667
2.75

43.833
2.31

91.278
3.15

113.000
4.36

81.500
2.12

36.667
4.93

86.667
2.19

7.000
2.65

SET 17

122.750
6.51

65.500
6.67

57.250
8.27

84.583
5.35

122.625
3.60

54.958
5.59

85.986
6.43

124.375
3.94

68.375
7.85

56.000
6.4

87.042
6.07

119.250
3.40

71.000
7.87

£9.750
4.03

84.417
6.24

7.500
4.95

SET 18

117.750
3.62

69.625
7.52

48,125
8.56

85.667
5.08

117.667
3.23

48.167
9.39

85.556
6.08

117.375
3.82

68.000
8.92

49.375
12.36

84.458
4.89

114.750
4.35

74.000
9.38

44.750
8.77

82.500
6.02

3.375
2.59

SET 19

116.000
0.00

64.500
0.00

51.500
0.00

81.667
0.00

115.167
0.00

50.833
0.00

81,278
0.00

116.500
0.00

64.000
0.00

52.500
0.00

81.500
0.00

114.000
0.00

66.000
0.00

49.000
0.00

80.333
0.00

2.50
0.00

SET 20

117.000
2.58

75.375
4.52

41.625
5.48

89.250
3.02

119.083
2.43

40,125
7.29

92.333
3.55

119.375
3.90

76.500
7.15

42.875
9.11

90.792
4,55

113.500
4.36

84.00
5.94

32.750
5.74

87.833
5.67

8.875
2.56



Measure
Condition

Blood Pressure

Pct Delta Pulse Max

Delta BP Mean Avg

Delta BP Mean Max

Pct Return Pulse

Pct Return BP Mean

NEGATIVE PRESSURE TESTS

SET 16

84.220
4.03

-0.556
3.42

-2.889
2.99

101.782
14.15

101.994
5.39

SET 17

87.647
7.51

1.403
2.33

-0.167
2.32

98.518
9.78

102.913
3.55

SET 18

92.831
6.10

-0.111
2.01

-3.167
2,22

101.793
10.92

98.642
3.53

SET 19

95.146
0.00

-0.389
0.00

-1.333
0.00

101.942
0.00

99.796
0.00

SET 20

78.453
7.09

3.083
1.73

-1.417
3.51

102.679
16.58

101.714
3.31




Measure
Condition

Blood Pressure

Avg Sys Pre~NP

Avg Dia Pre-NP

Sys Post-NP

Dia Post-NP

Pulse Post-NP

Mean Post-NP

Min Systolic

Max Diastolic

Min Pulse

Min MBP

Delta Pulse Max

|

NEGATIVE PRESSURE TESTS

Avg Pulse Pre-NP

Avg Mean Pulse Pre-NP

Total Sys Steps

Total Pulse Steps

Total Mean Steps

SET 21

107.375
2.90

61.125
7.77

46.250
8.45

76.542
5.21

105.750
5.43

43.833
11.20

7€.528
6.49

106.625
7.98

62.125
9.78

44.500
11.40

76.958
7.49

99.500
5.00

66.000
10.03

34.500
12.71

73.333
6.87

11.750
£.94

SET 22

108.500
6.77

61.5C0
9.57

47.000
6.23

77.167
8.22

109.542
6.23

£5.000
6.78

79.542
7.50

110.375
7.66

65.875
7.3¢

44,500
9.74

80.708
5.87

105.750
6.08

68.000
11.17

38.750
8.38

76.083
€.11

8.250
4,94

SET 23

109.625
2.25

65.500
8.40

44.125
8.40

80.208
5.75

110.833
3.97

44.083
9.14

81.444
6.08

112.375
6.30

65.500
9.97

46.875
12.89

81.125
6.53

107.500
3.42

73.667
10.26

37.250
8.26

77.417
6.13

6.875
5.79

108.688
29.05

58.500
8.51

50.188
9.16

75.229
7.55

109.479
9.25

49.240
10.18

76.653
6.73

111.750
10.22

58.750
5.48

53.000
10.56

76.417
5.48

104.313
9.62

63.714
9.02

42.938
10.10

73.375
6.48

7.250
6.31

SET 25

111.750
5.83

57.583
4.04

54.167
6.97

75.639
3.38

109.694
5.98

50.958
7.17

75.722
4.22

110.208
5.99

58.917
€.97

51.292
7.63

76.014
5.61

105.000
5.19

63.9209
6.14

44,833
8.12

72,167
4.00

9.333
6.73



Measure
Condition

Blood Pressure

Pct Delta Pulse Max

Delta BP Mean Avg

Delta BP Mean Max

Pct Return Pulse

Pct Return BP Mean

SET 21

72.736
14.54

-0.014
1.32

-3.208
2,48

95.609
15.17

100.402

3.14

SET 22

82.146
10.94

2.375
1.97

-1.083
2,27

94.229
11.21

104.865

3.94

SET 23

84,743
11.94

1.236
1.40

-2.792
2.79

107.451

26.08

101.143

4,09

SET 24

85.578
12.01

1.424
3.30

~-1.854
3.36

106.754

19.12

101.893

.40

SET 25

83.041
12.10

0.083
3.33

~3.472
3.38

95.494
14.76

100.486

5.70
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Measure
Condition

Blood Pressure

Avg Sys Pre-NP

Avg Dia Pre-NP

Avg Pulse Pre-NP

Avg Mean Pulse Pre-~NP

Total Sys Steps

Total Pulse Steps

Total Mean Steps

Sys Post-NP

Dia Post-NP

Pulse Post~NP

HMean Post-NP

Min Systolic

Max Diastolic

Min Pulse

Min MBP

Delta Pulse Max

i
a3}
Q)
o
)
=
=
o

RESSURE TESTS

118.813
9.22

76.875
10.11

41.938
6.80

90.854
9.28

115.854
8.15

39.521
4.58

89.507
8.62

117.500
9.84

75.750
9.87

41.750
5.51

89.667
9.51

111.875
7.62

82.250
10.00

32.500
5.24

85.083
8.26

9.438
7.53

118.688
4.11

72.938
6.00

45.750
4.65

88.187
4.98

116.937
6.25

40.979
6.08

89.618
5.07

118.625
5.83

75.375
5.97

43.250
5.42

89.792
5.35

111.250
9.74

81.571
5.91

32.125
6.56

85.750
5.37

13.625
8.36

SET 28

118.813
6.56

66.563
5.59

52.250
7.29

83.979
4.83

119.375
7.14

48.146
6.30

87.278
5.23

123.875
8.05

72.125
10.04

51.750
9.09

89,375
8.39

115.250
7.23

7¢.875
5.36

41.375
5.21

83.000
5.17

10.875
6.32

SET 29

10.500
3.62 6.69

SET 30

117.643 119.250
5.81 7.03

68.571 64.438
8.04 5.97

49.071 54.813
6.89 9.07

84.929 82,708
6.62 4.68

116.500 119.437
7.34 7.19

45.476 54.167
5.73 9.26

86.183 83,326
5.50 5.12

117.214118.688
6.19 8.08

70.571 65.563
8.39 7.17

46.643 53.125
5.86 9.86

86.119 83.271
7.22 5.87

111.143114.875
5.55 6.92

76.333 70.125
6.44 6.96

38.571 47.500
4.31 9.50

82.333 80.667
7.01 5.90

7.313




UECATIVE PRESCCSURE TDSTS

[‘'easure
Condition SrT 26 SET 27 ErT 28 5rT 29 cre 30

Rlood Fressure

Pct Delta Pulse "fax 78.847 70.898 79.823 79,057 86,994
15.25 15.79 10.14 5.58 12.16

Delta BP '"ean "vo -1.347 1.431 3.299 1.254 0.618
4.19 2.54 1.80 3.19 2.78

Delta °F Vean “ay -5.771 -2,438 ~0,979 -2.595 -2.042
4.93 3.06 1.25 4.28 3.14

et Return Pulse 1301.274 95,050 99,865 95,886 96.973
16.82 12.87 17.58 11.45 8,33

Pct “eturn T Jean 98.735 161.917 106.293 101.406 110.675

4.10 5.08 5.98 3.32 4.05



NEGATIVE PRESCSURF TLSTS

Measure
Condition

Elood Pressure

Avg Svs Pre~NP

Avg Dia Pre-P
Avg Pulse Pre-NP
Avg Mean Rulse Pre-~NP
Total Sys Steps

Total Pulse Steos
Total Mean Stens

Sys Post-NP

Dia Post-MP

Pulse Post-~'P

lean Post-NP

Min Systolic

Max Diastolic

1in Pulse

Min MRP

Delta Pulse Max

SET 31

116.938
£, B6

67.375
6.23

49,563
8.45

83.896
4.23

118.958
6.21

49.687
8.48

85.833
4.46

119.063
6.49

66.813
6.72

52.250
10.72

82.229
4,32

114.750
5.97

75.143
7.49

42.875
7.20

81.958
A.69

6.688
5.57

SET 32

111.500
6.36

63.750
1.06

47.750
5.30

79.667
2.83

111.9217
£.60

46.667
5.89

80.806
0.67

111.500
7.07

65.000
1.41

46.500
8.49

80.500
1.41

107.000
9.90

69.000
.24

43.000
8.49

77.833
3.54

%.750
3.18

SET 33

115.500
3.71

72.125
7.78

43.375
8.27

86.583
5.46

116.750
4.58

42.458
7.45

88.444
5.27

112.563
6.95

74.500
6.39

£4,063
11.20

89.187
3.93

110.875
5.17

79.875
6.98

35.250
7.80

83.833
6.02

8,125
3.46



NEGATIVE PRESSURF TESTS

Measure
Condition SET 31 SET 32 SET 33

Blood Pressure

Pct Delta Pulse Max 86.954 89.618 81.221
9.22 7.82 8.33

Delta BP Mean Avg 1.937 1.139 1.861
4.01 2.16 3.12

Delta BP Mean Max -1.938 -1.833 -2.750
3.96 0.71 3.78

Pct RPeturn Pulse 105.259 96.994 101.931
12.09 7.00 20,01

Pct Return BP Mean 100.545 101.078 103.279

6.01 1.81 6.36




Measure

Condition

Leg Volume

DV/DPl Left Leg

DV/DP1 Right Leg

DV/DP2 Left Leg

DV/DP2 Right Leg

Tl5 Left Leg

T15 Right Leg

NEGATIVE PRESSURE TESTS

SET 1

0.055
0.38

-0.073
0.08

0.340
0.20

0.1l6

-0.225
0.44

0.57

SET 2

0.230
0.27

-0.028
0.04

0.257
0.10

-0.017
0.03

0.270
0.45

~0.R42
0.43

SET 3

0.345
0.17

-0.070
0.03

0.367
0.16

-0.057
0.07

0.457
0.47

-0.317
0.52

SET 4

0.332
0.45

0.05

0.447
0.22

-0.008
0.01

0.302
0.72

-0.5€0
0.49

SET 5

0.252
0.24

-0.002
0.11

0.317
0.11

-0.052
0.04

0.142
0.22

-0, 740
0.42



NECATIVE PRESSURE TESTS

Measure
Condition SET 6 GET 7 SET 8 SFET 9 SET 10
Leg Volume
DV/DP1l Left Leg 0.440 0.402 0.102 0.190 0.417
0.25 .14 0.26 0.00 0.12
DV/DP1 Right Leg -0.057 -0.013 0.028 -0.0€60 -0,070
0.03 0.06 0.08 0.00 0.06
DV/DP2 Left Leg 0.462 0.333 0.315 0.280 0.387
c.08 0.07 0.09 0.00 0.12
DV/DP2 Right Leg -0.067 -0.013 0.035 0.040 -0.117
0.03 0.08 0.07 0.00 0.11
T15 Left Leg 1.195 0.517 0.003 0.560 0.747
0.92 0.88 0.50 0.00 0.63
T15 Right Leg ~0,462 -0.497 -0.450 ~-0.380 -0.810

0.32 0.62 0.32 0.00 0.45



NEGATIVE PRESSURE TFETS

Measure
Condition SET 11 SET 12 SET 13 SET 14 SET 15
Leg Volume
DV/DPl Left Leg 0,307 0.175 0.385 0.2890 0.400
0.26 0.24 0.29 0.20 0.17
DV/DP1 Right Leg -0.070 -0.027 0.012 -0.015 ~0,012
0.12 0.06 0.03 0.06 0.09
DV/DP2 Left Leg 0.316 0.305 0.440 0.480 0.322
0.20 0.15 0.16 0.11 0.07
DV/DP2 Right Leg ~0.026 ~-0.002 ~-0.035 -0.042 -0.027
0.06 0.04 0.05 0.08 0.07
T15 Left Leg 0.4200 0.074 0.925 0.242 0.425
0.92 0.62 0.99 0.60 0.78
T15 Right Leg -0.416 -0.586 0,173 ~0.445 -0.465

0.26 0.19 0.39 0,42 0.37




Measure
Condition

Leg Volume

DV/DPl Left Leg

DV/DP1 Right Leg

DV/DP2 Left Leg

DV/DP2 Right Leg

T15 Left Leg

T15 Right Leg

NEGATIVE PRESSURE TESTS

SET 16

0.463
0.08

-0.120
0.04

0.320
0.05

-0.060
0.13

1.110
0.30

-0.750
0.24

SET 17

0.352
0.26

-0.027
0.08

0.370
0.1-5

-0.105
0'09

0.390
0.96

-0.675
0.63

SET 18

0.162
0.53

-0.207
0.26

0.342
0.12

-0,017
000‘1

0.675
1.21

-0.707
0.55

SET 19

0.260
0.00

-0.100
0.00

0.330
0.00

-0.070
0.00

0.00

-0.400
0.00

SET 20

0.287
0.38

-0.003
0.03

0.425
0.10

-0.020
0.06

0.422
0.98

-0.435
0.54



NEGATIVE PRESSURE TESTS

Measure
Condition SET 21 SET 22 SET 23 SET 24 SET 25
Leg Volume
DV/DPl Left Leg 0.272 0.130 0.030 0.181 0.202
0.16 0.21 0.26 0.34 0.25
DV/DP1 Right Leg -0,035 -0.058 -0.085 -0.071 -0.027
0.06 0.06 0.09 0.10 0.05
DV/DP2 Left Leg 0.197 0.155 0.142 0.328 0.281
0.04 0.13 0.15 0.19 0.13
DV/DP2 Right Leg -0,112 -0.,045 -0,005 -0.023 -0.019
0.04 0.05 0.06 0.11 0.03
T15 Left Leg 0.265 0.032 0.000 0.067 0.181
0.14 0.38 0.78 0.75 0.52
T15 Right Leg -0.777 -0.922 -0.662 -0.480 -0.616

0.19 0.35 0.20 0.43 0.33
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Measure
Condition

Leg Velume

DV/DP1 Left Leg

DV/DP1 Right Leg

DV/DP2 Left Leg

DV/DP2 Right Leg

T15 Left Leg

T15 Right Leg

NEGATIVE PRESSURE TESTS

SET 26

0.365
0.22

-0.029
0.05

0.404
0.15

-0.046
0.06

0.691
0.76

-0.230
0.44

SET 27

0.306
0.32

-0.502
0.42

SET 28

0.326
0.21

0.09

0.320
0.09

-0.040
0.05

0.284
0.55

-0.602
0.39

SET 29 SET 30

0.450 0.377
0.18 0.19

-0.084 -0.021
0.05 0.07

0.401 0.354
0.10 0.11

0.08 0.09

1.159 0.454
0.68 0.85

-0.586 -0.599
0.31 0.58



Measure
Condition

Leg Volume

DV/DP1 Left Leg

DV/DP1 Right Leg

DV/DP2 Left Leg

DV/DP2 Right Leg

T15 Left Leg

T15 Right Leg

NEGATIVE PRESSURF TESTS

SET 31

0.132
0.39

-0.090
0.22

0.329
0.10

0.009
0.06

0.339
0.93

-0.579
0.44

SET 32

0.225
0.05

-0.080
0.03

0.305
0.04

0.08

0.210
0.49

-0.390
0.01

SET 33

0.352
0.27

~-0.036
0.06

0.406
0.11

-0.069
0.10

0.585
0.78

-0.622
0.50



Mean Resting HR

Mean Tilt HR

Max Tilt HR

ER Elope 1lst Min of Tilt

HR Slope 1lst Min Post-tilt

ean Tilt Pulse Pressure

Min Tilt Pulse Pressure

“ax Leg Volume

Table II-6a

0 2.5 12.0 24.0 48.0
- 2.875 - 2,625 16.125 2.339 5.125
3.11 3.58 4.11 4.15 4.87
5.048 8.067 17.771 7.444 3.288
5.29 6.54 3.24 6.17 6.06
13.000 12.500 18.500 9.857 3.000
5.83 7.34 4,27 6.82 6.48
5.250 5.625 1.875 1.446 4.125
4.26 3.82 4.12 3.10 3.58
6.187 - 5.812 - 7.687 8.758 0.1&8
7.64 6.17 3.95 4.30 3.44
3.233 - 8.156 + 0.26° 2.379 5.425
3.59 4.56 3.76 4.61 5.19
4.313 -10.563 - 1.313 3.545 3.812
4.10 5.04 3.40 6.13 5.96
0.099 - 0.225 =~ 0.280 0.112 0.023
0.338 0.237 0.237 0.292 0.269
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Table II-€b

Integrated Score

Hour 0 2.5 12.0 24.0 £5.0
Mean Resting HR - 0.924 - 0.733 3,923 0.564 1.052
Mean Tilt HR 0.954 1.233 4.510 1.206 0.543
“Max Tilt HR 2.230 1.703 4,333 1.445 0.463
o Slope 1lst Min of Tilt 1.232 1.473 0.455 0.467 1.152
IR Slope lst Min Post-tilt - 0.810 - 0.94z -~ 1.946 2.037 0.055
Mean Tilt Pulse Press A 0.9201 1.782 - 0,072 0.516 1.045
Min. Tilt Pulse Press A 1.052 2.096 0.386 0.578 0.64C
Max Leg Volume - 0,293 - 0.%49 - 1.181 0.418 0.086
Integrated Score 4,342 5.670 10.408 1.289 1.666
A

reverced signs included
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Digcussion

| ST T U]

Evening (1900 - 2100) heart rates are higher than morning
(0700-1000) heart rates. Evening blood pressures are also higher.
The response to tilt for these two parameters did not show a difference
at the two times.

The raximal increase in heart rate during tilt was 30%
higher than ore-bedrest at 0 and 2-~1/2 hours ponst-bedrest. The dias-
teclic pressure tended to bc higher pre~tilt and increased more during
tilt resulting in higher mean pressures and narrower nulsc pressures
following hedrest. The maximum leg volume after 15 minutes of tilt

was unchanged following bedrest, but the slope of the initial change
in leg volume with tilt was 50% lower at 0 and 2-1/2 hours post-
bedrest than during pre-bedrest or later recovery neriods. These
filling curves were digitized and the fillinog nattern at 10 seconds,
30 seconds and 3 minutes was significantly (pr € .05) lower at 0, 2-1/2
and 12 hours post-bedrest than during pre-bedrest. At 3, 5 and 7 days
post-bedrest, the filling curves were still significantly lower at

3 minutes after tilt, but were significantly bigher at 5, 10 and 30
seconds after tilt. The fcur students who were exercised during bed-
rest showed grzater changes in the filling curve than the four who did
not exercise.

""he ncooative pressurce tests showed changes in heart rate and
blood pressurc similar to the tilt tests, but to a lesser degree. Leq
volume incrcases were greater following bedrest.

The vencus filling curves following blocd removal or water
immersion are consistentlv lower than pretreatment values. The values
obtained post flight in the Gerini series were consistently higher.
These results following bed rest are dissimilar from those of either
the simulations or the actual flight. The reason for the difference
ig not amparent.
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